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REPORT  OF 

'THE  UNITED  STATES  REGIONAL  PASTURE  RESEARCH  LABORATORY 


For  the  Calendar  Year,  ,         .  . 

li •      1341v     "  .  ' 

INTRODUCTION  %..:..  . 

Early  in  December  the  Nation  was  catapulted  into 
war,  and  with  war  came  greater  responsibilities  for  agri- 
culture..    Not  only  are  we  faced  with  .the  necessity  of  pro- 
ducing larger  quantities  of  certain  concentrated  foods, 
but  we  must  also  find  and  increase  plant  materials  that 
may  be  substituted  for  those  no  longer  available  in  suf- 
ficient quantity.     Increased  production  of  dairy  products, 
particularly  the  more  concentrated  forms,  is  urgently 
needed.     Seed  stocks  of  some  pasture  plants  must  be  in- 
creased to  meet  domestic  demands.     Here,  then,  are  two 
direct  needs  among  others  that  might  be  mentioned  that 
have  grown  out  of  the  present  national  emergency  and  are 
closely  related  to  pasture  research. 

This  is  not  the  place  to  discuss  to  what  extent 
our  present  pasture  research  program  should  be  modified 
to  meet  present  exigencies,,     It  may  not  be  amiss,  how- 
ever, to  point  out  that,  insofar  as  our  research  at  the 
Laboratory  meets  the  requirement  of  being  fundamental 
and  of  being  of  regional  interest,  it  should  serve 
equally  well  in  solving  practical  pasture  problems  upper- 
most at  the  moment  as  well  as  those  likely  to  confront  us 
later.     This  does  not  mean  that  the  plans  drawn  up  and 
the  specific  objectives  set  out  when  the  present  research 
was  undertaken  are  not  subject  to  modification.     On  the 
contrary,  an  almost  continuous  reevaluation  and  adjust- 
ment of  our  pasture  research  activities  are  necessary  if 
they  are  going  to  serve  effectively  the  Region  as  a  whole. 

Another  aspect  of  the  present  research  program  may 
be  mentioned.     The  Laboratory,  in  cooperation  with  some 
of  the  state  experiment  stations,  is  actively  engaged  in 
breeding  better  strains  of  pasture  plants  for  the  North- 
eastern Region.     This  work  was  initiated  so  recently  that 
new  strains  are  not  yet  developed  and  fully  evaluated. 
Recognizing  this  fact,  would  it  be  well  to  increase  some 
of  the  breeding  stocks  now  on  hand,  even  though  their 
^adaptability  is  still  somewhat  uncertain,  to  take  the 
placo  of  ordinary  commercial  seed  and  seed  of  strains  no 
longer  available? 


The  plan  followed  in  writing  the  present  Annual  Re- 
port parallels  closely  the  one  followed  last  year.  Progress 
on  cooperative  projects  between  state  stations' and  the 
Laboratory  is  again, -reported  in- a  separate  section.  The 
appendix  contains  progress  reports  of  pasture  and  grass 
silage  investigations  under  way  at  the  twelve  Northeastern 
Agricultural  Experiment  Stations.    A  subject  matter  index 
covering  these  latter  reports  is  included. 

The  description  of  activity  at  the  Laboratory  is 
grouped  around  cytogenetics,  and  breedings  physiology  and 
plant  composition, '  and  pathology.     A  rather  detailed  tablo 
of.  contents  and  list  of  publications  issued  during  the 
year  complete  this  part  of  the  Report,;-  The  phases  of  re- 
search completed  and  published  or  in  the  promos s  of  pub- 
,  lication  during -the  -five  and  one -half  years  the  Laboratory 
has  been  in  existence  number,  thirty-one, 

Perhaps  the  outstanding  single  accomplishment  of 
tho  Laboratory  during  the  calendar  year  of  1941  was  the 
completion  of  the  temperature-control  chambers  and  the 
initiation  of  experiments  for  which  the  chambers,  were 
dosignod.     Illustrations  showing  tho  chambers  and  some 
of  the  plant  responses  obtained  in  them  are.  shown,  (Figs, 
1  and  2). 

CHANGES  IN  PERSONNEL  ■• 

Dr,  Ko  Wi  Kreitlow,  plant  pathologist,  was  appointed 
to  fill  the  vacancy  created  by  the  resignation  of  Dr,  S.J,P» 
Chilton.     Dr,  Kreitlow  received  his  training  and  experience 
at  Minnesota  University,  Louisiana  State  University,  and 
the  Rockefeller  Institute.- 

Mr.  Armand  G.  Morin,  technical  assistant -in  plant 
physiology  and'-chomi  stry,  withdrew  to  join  the  armed 
forces.    Miss  Martha  Jayno  was  appointed  to  take  his  place. 

Miss  Tracy  J,  Trachsel  was  appointed  secretary  to 
succeed  Mrs,  Alice  M.  Atkinson. 

ADDITIONS  TO  EQUIPMENT 

*        The  construction  of  four  environmental  control 
chambers  started  in  1940  (1940  Annual  Report,  page  8)  has 
been  completed.     These  chambers  are  so  designed "that 
climates  ranging  from  hot  humid  to  cool  dry  conditions 
can  be  simulated  within  the  range  from  20*  F,  to  120*  F. 
with  relative  humidities  of  20%  to  saturation  at  all 


Fig.  1.    Environmental  Control  Chambers 


Front  of  the  four  chambers.    Upper  doors  are  double 
to  pemit  observation  through  glass  inner  door  vith- 
out  allowing  the  outside  air  to  enter. 
The  control  valves,  air  ducts,  ani  brine  pumps  at 
the  rear  of  the  chambers. 

Two  of  the  four  tins-temperature  recorder  controllers; 
note  the  control  cams  in  the  left  doors  which,  in 
tills  instance,  are  cut  for  high  day  temperatures  with 
low  humidities  and  low  ni~ht  temperatures  "w  ith  high 
hu;J.lities. 

One  chamber  with  inner  door  open,  showing  pots  im- 
mersed in  brine.    3rine  temperature  controlled  inde- 
pendently of  air  temperature.    "Tote  fluorescent  lamps 
overhead. 
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except  the.  lower  temperatures.     SoiJ  temperatures  are  con- 
trolled Independently  of  air  temperatures.  "  All  conditions 
arte  controlled  by  time  clocks  and  metal  cams • so  that  al- 
ternating temperatures  and  humidities,  of  any  duration  or 
fluctuation  as  well  .as  constant  conditions,  may  bo  maintained. 
Light  is  supplied  by  48 -inch  fluorescent  lamps  above  the 
chambers  which,  provide  an  intensity  of  approximately  550 
foot-candles  four  feet  below  and  perpendicular  to  the  lamps. 
Flat  white  paint  on  the  four  inside  walls  of  the  chambers 
reflect  the  light  and  provides  an  additional  intensity  of 
approximately  350  foot-candlos  from  each  wall.    At  the 
present  time  one-half  of  the  lamps  are  "daylight"  and  the 
other  half  "white."  .  Preliminary  work  indicated  that  the 
spectrum  of  the  "daylight"  lamps  was  slightly  deficient  in 
the  red  region  and  this  could  bo  increased  by  the  use  of 
"white"  lamps.     Tho  lamps  aro  controlled  by  time  clocks 
so  that  any  daylength  desired  can  bo  obtained.     This  equip- 
ment should  provo  particularly  valuable  in  studying  plant 
responses  to  temperature,  light,  and  humidity. 

A  research  microscope  was  purchased  to  facilitate 
chromosomo  studies. 

With  a  plant  nursery  of  approximately  25  acres  to 
care  for,  it  seemed  desirable  to  purchase  a  complete  sot 
of  farm  implements  rather  than  depend  on  hired  services. 
During  the  year  a  farm  tractor  together  with  adoquato  im- 
plements were  obtained  and  a  small  shed  erected  in  which 
to  store  them  when  not  in  use. 

The  problem  of  storing  sufficient  soil  for  work  in 
the  greenhouse  during  winter  was  mitigated  by  erecting  a 
soil  bin  of  brick  and  concrete  and  connecting  it  with  the 
hcadhouse. 

ACTIVITIES  RELATING  TO  COORDINATION  OF  RESEARCH 

Under  this  heading  aro  grouped  brief  discussions  of 
activities  that  relate  directly  to  attaining  the  general 
objective,  pasture  research  on  a  regional  basis  in  the 
Northeastern  .States. 

Meeting  of  Collaborators 

The  fifth  annual  meeting  of  the  collaborators  was 
held  at  State  College,  Pa.,,  July  8, and  9,  1941.     The  pro- 
gram and  discussions  hinged  around  the  general  topic, 
"Effect  of  Environmental  Factors  upon  Growth  and  Develop- 
ment of  Pasture  Plants."     In  all,  44  persons,  including 
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representatives,  pf  each  of  the  cooperating  agencies  and  a 
number  of  plant. physiologists  and  agronomists  invited  .by 
the  collaborators,  attended  the  meeting'. 

Previous  to  the  meeting,  project  outlines  ;were  pre- 
pared and  sent  to  the . collaborators  as  suggested- bases  for 
discussions.      The  topics  which  follow  are  indicative  of 
the  scope  of  the  subject  matter  covered: 

1.  Survey  of  the  environments  to  which  pasture 
plants  in  the  Northeast  are  ..naturally  sub- 
jected. 

2.  ...-Effect  of  climate  on  the  growth  of  pasture 

plants, , . 

3.  Life  history  studies  using  environment al- 
control  chambers  to  study  seedling  growth 
and  development,  vegetative  growth,  seed 
production,  and-  chemical  composition, 

4.  '  Effect  of  temperature  and  photoperiod  on 

seed  gemination  and  seedling  ■  establi shmont • 

A  committee  headed  by  Dr.  B.  E,  Gilbert  was  ap- 
pointed to  prepare  a  re'sume'  of  the  discussions  and  make 
recommendations.     The  committee  approved,  in  general , 
the  projects  proposed  and,  in  addition,  made  a  number 
of  specific  suggestions.     The  committee  also  indicated 
'what  phases  of  the  general  problem  seemed  most  important, 
and,  therefore,  should  first  be  investigated.    A  lively 
discussion  followed  and,  although  unanimity  of  opinion 
was  not  reached,  the  discussion  did  serve  .to  further 
clarify  ideas.     The:  committee  recommended  that  a  regional 
committee- of  three  persons  with  the  -chairman  a  member  of 
the  Laboratory  staff  be  appointed  by  the  Director  of  the 
Laboratory  after  consultation  with  the  twelve  agricul- 
tural experiment  station  directors  in  the  Northeastern 
States.     This  committee  was  to  be  charged  with  the  re- 
sponsibility of  (a)  dete-niining  the  climato logical  data 
of  value  in  pasture  research,  -(b)  tabulating  and  analyzing 
existing  data,  and  (c). suggesting  type  of  data* to  be  col- 
lected in  the  future.     The  committee, report  with  some'--  - 
alterations  was  accepted  shortly  before  adjournment. 

At  a  special  evening  session  a  brief  account  was 
given  of  research  activity  at  the  Laboratory,.  Project 
leaders  were  present  to  answer  questions  and  explain  plans 
for  further  development,  ' 

After  adjournment  of  the  general  meeting >  the  col- 
laborators assembled  for  a  short  meeting.    A  committee 


consisting  of.  Messrs.  Gut© man, .  Brown,  and 'Bonder  was 
appointed  to  make  suggestions  for  a  program,  for  the  next 
annual  meeting. 

A  rather  detailed  report  of  the  collaborators  * 
meeting  was  mimeographed  and  mailed  to  each  participant 
in  the  meeting. 

Regional  Committee  on  Climatology 

The  special  regional  committee  appointed  in  ac- 
cordance with  the  collaborators1  recommendations  consists 
of  Dr.  V.  G.  Sprague,  of  the  Laboratory  staff,  chairman; 
Professor  B.  A.  Brown,  research  agronomist  at  the  Univer- 
sity of  Connecticut;  and  Professor  B»  R«  Biel,  meteorolo- 
gist of  the  New  Jersey  Agricultural  College*     The  committee 
held  a  meeting  at  New  Brunswick,  N.  J.,  and  prepared  tenta- 
tive proposals  to  consider  pasture-weather  rolations  in 
the  Northeastern  States.     Those  proposals  were  mimeographed 
and  a  copy  sent  to  each  collaborator;    just  before  the  end 
of  the  year.     The  committee  suggested  that  before  attempt- 
ing an  analysis  and  summary  of  weather  records  in  the  north 
eastern  States,  some  regional  experiments  be  carried  on  to 
correlate  climatic  data  with  the  growth  of  plants  in  order 
to  ascertain  what  part  of  the  voluminous  weather  data  is 
most  likely  to  be  of  direct  interest  in  an  environmental 
study  of  pasture  plants. 

Regional  Grassland  Conference 

A  regional  grassland  conference  was  held  in  connec- 
tion with  the  summer  meeting  of  the  Northeastern  Section  of 
the  American  Society  of  Agronomy  at  Durham,  N.  H,,  June  25, 
26,  and  27.     One  full  day  was  devoted  to  the  presentation 
of  papers  concerned  with  various  phases  of  grassland  agri- 
culture in  the  Northeastern  Region.    Field  trips  were  made 
during  the  remaining  two  days.     Professor  Ford  S.  Prince, 
agronomist  of  the  Nov;  Hampshire  Agricultural  Experiment 
Station,  and  the  sectional  officers  of  the  Society  arranged 
for  the  program. 

Miscellany 

During  the  year,  another  oooperative  project  was  de- 
veloped, bringing  the  total  now  active  to  nine.  Progress 
on  these  projects  is  reported  in  the  next  section. 

As  in  previous  years,  a  nunbor  of  persons  interested 
in  some  please  of  pasture  research  called  at  the  Laboratory 
to  inspect  work  under  way.    All  but  one  of  the  twelve  State 
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Agricultural  Experiment  Stations  with  which  the  Laboratory 
is  cooperating  was  visited  one  or  more  times  during  the 
year,  by  soae.  aenber  of  the  Laboratory  staff. 

Several  inspection  trips  of  the  Laboratory  and  nur- 
sery wore  conducted  for  special  groups  that  visited  Penn- 
sylvania State  College. -during  the  period  covered  by  this 
Report. 

COOPERATIVE  RESEARCH  BET17EEN  STATE  STATIONS 
AND  THE  MORATORY  ■- 

AGROSTIS  TENTHS  BREEDING  (WITH .RHODE  ISLAND) 


Title:     Breeding  Rhode  Island  Colonial  Bent  Grass  for 
Pasture  Types-. 

Loaders : For  the  Rhode  Island  Agricultural  Experiment  Sta- 
tion - T. -E.  Odland  and  J.  A.  DcFrancc.  . 
For  the  Pasture  Research  Laboratory  -.  V:.  M«  Myers 

A  total  of  537  progenies  from  head  selections  made 
in  1940  were  grown  in  the  greenhouse  during  the  winter  of 
1940-41.''    From  these;  458  were  selected  for  -growing  in, a 
field  nursery  with  1  to  10  plants  from  each.    -Those  were 
transplanted  to  the  field  during  May.     In  addition,  five 
clones  from  each- of  227  inbred  selections  from  a  pre- 
viously established  nursery  were  transplanted  to  this  new 
nursery.  •  'Notes  on  vigor,  lea  .fine  s  s , .  growth  habit ,  disease 
susceptibility,  and  other  characteristics  were  taken  on 
all  selections  and  clones  curing  the  growing  season.  Special 
attention  was  given  to  any  characteristics, that  would  seem 
to  make  a  selection  a  promising' pasture  typo. 

'  -   Cress -pollinated,  seed  was  obtained  from  plants  that 
showed  the  most  promise  for  future  use.     A  large  number  of 
heads  were  bagged  for  self e.d  seed  but  this  procedure  met 
with  little  success.     This  species  is,  apparently  very 
largely  self -sterile .     The  seed  from  the  open-pollinated 
plants  will  be  used  for  increase  and  further  selection. 

In  October,  207  clonal  ..selections  wore  made  from 
the  nursery  and  set  out  in  small  plats  each  3  x  6  feet. 
Bach  plat  was  planted  with  18  clones  from- a  single  plant 
in  the  nursery.     Those  clones  will  be  allowed  to  form  a 
solid  turf  and  tipn  kept  clipped  in  or  dor  to  study  their 
behavior  under  conditions  similar  to  pasture.' 


A  special  study  is  being  made  of  the  extent  of  inter- 
crossing among  bent  grass  species. 

ANATOMY  OF  GRASS  SEEDLINGS'  (WITH  RHODE  XSUMV) 

Title:       The  anatomy  of  grass  seedlings  as  influenced  by 

environmental  factors  under  controlled  conditions. 

Leaders:  For  the  Rhode  Island  Agricultural  Sxperinent  Sta- 
tion -  Irene  H.  Stuckey. 
For  the  Pasture  Research  Laboratory  -  V.  G.  Sprague. 

I'vork  on  this  project  was  begun  just  before  the  end  of 
the  calendar  year  of  1941. 

\ 

CHEMICAL  COMPOSITION  OF  PASTURE  GRASSES 
(WITH  SET/  HAMPSHIRE) 

Title:      The  Chemical  Composition  of  Pasture  Grasses. 

Loaders:  For  the  New  Hampshire  agricultural  Experiment  Sta- 
tion -  T.  G.  Phillips  and  T.  0.  Smith. 
For  the  Pasture  Research  Laboratory  -  J.  T. 
Sullivan. 

In  the  analysis  of  plant  material,  crude  fiber  and, 
more  recently,  lignin  and  cellulose,  have  been  determined 
directly.     Other  less  resistant  carbohydrates  are  usually 
estimated  by  difference.     It  is  the  objective  in  this  study 
to  obtain  information  about  the  more  labile  forms  by  posi- 
tive methods. 

During  the  past  year,  work  has  progressed  on  the  de- 
velopment of  quantitative  methods  for  determining  mixtures 
of  sugars  and  on  the  quantitative  measurement  of  sugars  ob- 
tained by  hydrolysis  of  polysaccharides. 

Improvement  has  been  noted  in  the  quantitative  mea- 
surement of  glucose  and  fructose  in  the  presence  of  each 
other. 

A  convenient  method  has  -been  developed  for  ■  adapting 
baker's  yeast  to  the  f orientation  of  galactose.     In  attemp- 
ting to  use  this  yeast  in  the  determination  of  galactose  in 
the  presence  of  pentoses,  it  was 'found  that  the  adapting 
process  changes  the  permeability  of  the  yeast  to  arabinose, 
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thus  introducing  , an  -appreciable  error.  .  Methods  for  overcom- 
ing this  difficulty,  are  being  .studied. 

Alcohol-insoluble  portions  of  grass  tissue  have  been 
subjected  singly  and  successively  to  the  action  of  mild  acids, 
talcadiastase  and  strong  acids,  with  the  following  results: 

Mild  acid  hydrolysis  combined  with  iodine  treatment 
makes  possible  a  good  estimate  of  the  fructosan  present. 

Takadiastase  sets  free  both  fermentable  andnon- 
formentable  aldoses,  the  former,  probably  glucose  only, 
exceeding  the  latter  in  the  bluegrassos  and  ryegrasses. 

Large  amounts  of  sugars  arc  set  free  by  strong  acid 
hydrolysis.     In  timothy,  those  account  for  about  20^  of 
the  insoluble  solids  of  the  grass  and  75$  of  them  are  non- 
fermentable  • 

DACTYLIS  GDOIISRAIA,  L0LIU1.I  IE  REIKIS,  AMD  FE'CTUDA  SEP, 

BREEDING 
■  -  (WITH  LIARYLAND; 

AND 

DIVISION  OF  FORAGE  CROPS  &  DISEASES) 

Title:      Selection,  Inbreeding,  and  Crossing  to  Obtain  Orch- 
ard Grass  (Dactylis  glome rata) ,  Ryegrass  (Loliun 
.  perenne,  and  L.  Multif lorun) ,  and  Fescue  (Fostuca 
spp. )  Strains  Adapted  Particularly  for  Pastures  in 
Maryland.  ?. 
/ 

Leaders:  For  the  Maryland  Agricultural  Experiment  Station  - 
•  V.7.  3.  Kemp. 

For  the  Division  of  Forage  Crops  &  Diseases,  Bureau 

of  Plant  Industry,  U.  S.  Department  of  Agriculture  - 
P.  R.  Hens on. - 

For  the  Pasture  Research  Laboratory  -  W.  M.  Myers. 


Orchard  Grass.     The  source  nursery  of  over  4,000  spaced 
plants  (1940  Annual  Report,  pages  12-13)  was  continued  and 
preliminary  notes  were  recordod  on  winter  injury,  early  spring 
growth,  date  of  heading,  and  other  characters.    An  additional 
nursery  of  about  500  spaced  plants  from  four  seed  collections 
was  established.     Sod  plugs  of  orchard  grass  were  collected 

from  old  pastures  in  central  and  southwestern  Pennsylvania, 
and  these  will  be  planted  in  the  spring  of  1942  in  the  field. 

Rather  extensive  inbreeding  programs  are  being  con- 
tinued at  Beltsvillo,  Md.,  and  State  College,  Pa.     There  are 
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included  plants  if  the  first,  second,  and  third  generations 
of  inbreeding  by  selfing  and  of  the  first  generation  of  in- 
brooding  by  sib-mating* 

Seed  was  harvested  fr on  the  isolation  plots  described 
previously  (1940  Annual  Report,  page  13)  and  these  strains 
have  been  included  in  the  Grass  Nursery.     In  addition,  iso- 
lation blocks  havo  been  planted  f ron  seed  of  :©ach  strain  for 
the  production  of  an  advanced  generation  for  testing. 

In  addition'to  the  cooperative  brooding  activities, 
studios  of  fundamental  problems  relating  to  breeding  are 
being  carried  out  by  each  agency. 

Perennial  Ryegrass.     In  the  previous  year  individual 
plants  from  seed  of  perennial  ryegrass  either  from  wild  local 
stocks  collected  at  different  places  in  Maryland  or  from  com- 
mercial strains  wore  scored  for  growth  habit  and  for  ro- 
sistanco  to  H o lni nthosporium  and  to  leaf  rust.  -  Marked  dif- 
ferences in  resistance  to  the  so  diseases  were  observed.  All 
plants  wero  destroyod  except  those  which  scored  high  on  dis- 
ease resistance.    A  number  of  opportunities  for  controlled 
crossing  among  these  resistant  plants  were  provided  by  cov- 
oring  ho ads  of  different  plants  in  one  bag.     Enforced  solf- 
f ortilization  was  attempted  with  other  bags.    However,  very 
little  seed  -was  obtained  from  self-pollination. 

Seed  produced  under  the  crossing  bags  was  planted  in 
August  and  from  observati on  of  the  surviving  plants  an  ef- 
fort will  be  made  to  compare  the  combining  abilities  of 
different  parents  f^r  vigor,  disease  resistance,  and  plant 
type . 

The  parent  plants  havo  beon  retained  for  vegetative 
increase  for  crossing  of  those  which  show  greatest  promise. 

Fescues .  Seed  and  plant  material  of  meadow  fescue  wore 
collected  rrom  23  different  sources,  largely  old  pastures  an  d 
roadsides  in  central  Pennsylvania.     A  nursery  of  about  £,000 

spaced  plants  has  been  established  from  this  material.  Chromo- 
some numbers  were  determined  from  one  plant  obtained  from  each 
panicle  which  was  collected.    All  plants  were  diploid  (2n  =  14) 
with  the  exception  of  two  which- may  be  tri sonic. 

Local  plants  of  tall  fescue,  and  of  red  fescue  with  de- 
cidedly creeping  growth  habit,  have  boon  selected  from  nur- 
series grown  previously.     Soed  has  boon  saved  from  these 
plants  for  comparison  of  the  appearance  and  grov/th  character- 
istics of  thoir  progenies* 
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OVER-LIMING  INJURY  "(WITH  COKMECTICUT) 

Title:      A  Study  of  the  Causes  of  Over-liming  Injury  to 
Pasture  Species. 

Leaders:  For  the  Connecticut  (Storrs)  iVgri cultural  Experi- 
ment Station  -  3.  A.  Brown. 
For  the  Pasture  Research  Laboratory  -  R.  R,  Robinson 
and  V.  G.  Sprague. 

Hydrated  line  at  the  rate  of  four  tons  per  acre  pro- 
duced over-liming  injury  in  pots  of  both  Charlton  fine  sandy 

loan  and  Mcrrinac  fine  sandy  loan.  The  injurious  effect 

gradually  disappeared,  and  after  about  four  months  vras  no 
longer  noticeable  with  alfalfa  on  Charlton  and  merrimac  soils 
or  with  Ladino  clover  on  Charlton  soil.     With  soybeans,  how- 
ever, the  injury  persisted  during  trie  second  year. 

Temporary  over-liming  injury  to  alfalfa  and  Ladino 
clover  was  not  prevented  by  borax  (10  pounds  per  acre),  zinc 
sulfate  (10  pounds  per  acre),  manganous  sulfate  (30  pounds 
per  acre),  or  copper  sulfate  (30  pounds  per  acre).  Injury 
to  soybeans  was  not  reduced  by  borax  at  10  and  20  pounds 
per  acre  before  planting  or  by  a  total  of  50  pounds  per  acre 
at  intervals  during  the  season.    With  mangels,  however,  borax 
was  very  effective  in  preventing  over-lLning  injury. 

The  fact  that  soybean a  on  o~er-limod  soil  exhibited 
definite  symptoms  of  boron  toxici^cy  after  borax  in  solution 
had  been  added  in  mid-season,  demonstrated  that  the  boron 
had  not  been  rendered  unavailable  to  the  plant  by  the  soil. 

This  was  also  demonstrated  in  the  laboratory  by  finding  about 
the  same  amounts  of  boron  in  the  w  a  tor  leachates  of  limed 
and  unlined,  borax-treated  soil. 

POa  PRixTBNSIS  BREEDING  '('WITH  PEMSYLVMIA) 

Breeding  Kentucky  Blucgrass  for  Improved  Pasture 
Type  s . 

For  the  Pemisylvania  Agricultural  Experiment  Sta- 
tion -  H.  3.  Husser  and  S.  I.  Bechdel. 
For  the  Pasture  Research  Laboratory  -  17.  M.  Myers. 

During  the  pa st -season,  work  on  breeding  Kentucky 
bluegrass  has  fallen  into  five  main  categories,  namely: 


Title: 
Leaders : 
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1.  Collection  of  source  material  for  further 
selection. 

2.  Selection  of  individual  plants. 

3.  Progeny  uniformity  tests  of  previously 

selected  plants. 

4.  Seed  multiplication  of  uniform  selcdtions. 

5.  .  Preliminary  field  plot  tests  of  new  selec- 

tions .  : 


Collection  of  Source  Material .     The  extreme  severity 
of  the  epidemics  of  several  diseases  on  Kentucky  blue grass 
during  the  late  summer  of  1941  seemed  to  provide,  an  unusual 
opportunity  for  searching  in  old  pastures  for  disease-re- 
sistant types.     Sod  plugs  which  seemed  to  be  relatively  dis- 
ease-free wore  isolated  from  44  pastures  in  central  and 
southwestern  Pennsylvania  and  northwestern  West  Virginia. 

Selection  of  Individual  Plants.     In  addition  to  the 
selections  used  in  the  progeny  tests  reported  under  "Method 
of  Reproduction  in  Poa  pratonsis,"  (see  section  on  Research 
at  Laboratory),  individual  plant  selections  have  been  made 
f r Dm  the  f o 1 lowing  sources: 

1.  Thirty-six  plants  from  14  different  first- 
generation  progeny  tests. 

2.  Seventy-eight  plants  from  sod  plugs  isolated 
from  old  pastures,  mostly  in  Pennsylvania. 

3.  Thirty-two  plants  from  introduced  strains. 

4.  Twenty -four  plants  from  commercial  seed. 

Progony  tests  of  these  plants  have  boon  established. 

Progeny  Uniformity  Tests.     Progeny  uniformity  tests 
are  made -with  20-plant  progenies  of  individual  parents. 
During  the  past  season,  uniformity  observations  wore  made 
on  61  progenies.     Seed  was  harvested  from  39  progenies  which 
appeared  to  be  uniform.     However,  this  does  not  represent 
the  ratio  of  uniform  to  variable  orogenies  since  some  of  the 

i.  O 

progenies  were  repeat  tests  and  seed  was  not  harvested  from 
them. 


A  now  series  of  progeny  uniformity  tests  of  14-5  in- 
dividual parent  plants  selected  in  1940  ivas  started  this 
year.     Plant  mortality  in  the  field  nursery  was  high  bo- 
cause  of  tho  drought  and  it  will  be  necessary  to  replant  a 
number  of  these  progenies  next  year. 


12 


.Seed  Multiplication.     Bulk  soed  was  harvested  fron 
row  plantings  of  24  strains »    Rows  of  each  strain  consisted 
of  100  to  200  plants  set  out  individually  to  guard  against 
contamination  fron  volunteer  plants. 

Field  Plot  Tests.     In  the  spring  of  1941  preliminary 
field  plot  trials  of  25  strains  of  Kentucky  bluograss  wore 
planted  for  tests  of  turf  establishment ,  disease  incidence 
under  clipped  conditions,  and  other  adaptation  factors.  The 
plots  in  this  test  are  5  feet  x  10  feet  in  size  and  are 
replicated  six  times  in  randomized  blocks.     Three  chock  plots 
were  seeded  in  each  block  with  a  blend  of  equal  parts  of  seed 
of  f our  individual  strains.     These  check  plots  are  for  use  as 
standards  for  observational  records.     Three  of  the  six  block 
replications  were  seeded  with  white  clover,'  but  owing  to  the 
extremely  droughty  conditions  prevailing  during  the  early 
part  of  the  season,  the  clover  failed  to  establish  itself. 

A  preliminary  clipping  with  an  ordinary  bar  newer 
at  about  a  3 -inch  height  was  made  in  mid- June  to  clean  up 
summer  weeds.     Two  additional  clippings  were  made  with  a 
lawn  mower  in  late  July  and  mid-August  to  a  height  of  ap- 
proximately 2-1/2  inches.     Because  of  the  dry  season,  no 
additional  clippings  were  necessary-.    No  clipping  weight 
records  were  kept  during  this  first'  season  because  of  vari- 
ability in  rate  of  stand  establishment,  apparently  due  largely 
to  the  droughty  conditions* 

Records  of  turf  density  and  per  cent  ground  cover, 
disease  incidence  (Helninthosporium  vagans),  and  fall  cold 
tolerance  were  secured  during  the  growing  season.     The  turf 
density  and  ground  cover  records  were  secured  during  the 
fourth  week  in  June  by  making  quadruplicate  counts  on  each 
plot  with  a  point  quadrat.     Disease  infection  percentages 
were  obtained  September  19  to  22  from  counts  of  all  clean 
and  infected  leaves  fron  triplicate  12  square  inch  areas  on 
each  plot  of  a  single  block.     Fall  cold  tolerance  observa- 
tions were  made  November  29.     Observations  were  on  the  basis 
of  color  retention  and  were  in  five  percentage  groups  as 
follows:   -0-20 j   21-40;  41-60j   61-80 81-100 . 

PQii  PRATSNSIS  AND  TRIFOLIUM  HEFENS  BREEDING 
 "  ""(WITH  IWbJS'l'  VIRGINIA) 

Title:       Breeding  and  Improvement  of  Pasture  Grasses  and 
Legumes • 

Leaders:  For  the  Tiest  Virginia  Agricultural  Experiment  Sta- 
tion -  E.   J.   '"ollhausen  and  R.  0.  Ueibcl,- 
For  the  Pasture  Research  Laboratory  -  S.  S.  Atwood 
(TThito  Clover)  and  W.  M.  Myers  (Kentucky  Bluegrass) 
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The  2,500  individually  spaced  bluegrass  plants 
planted  late  in  the  fall  of  1940  were  allowed  to  establish 
themselves  in  1941.     No  notes  were  taken.     The  nursery  was 
cultivated  twice  and  mowed  once.     Seed  was  taken  from  275 
individual  plants  in  June  1941.     Seed  from  each  plant  was 
germinated  and  approximately  40  progonie  s  of  each  trans- 
planted to  flats.     These  did  not  establish  themselves  well 
enough  to  warrant  transplanting  to  the  field  for  winter, 
and,  consequently,  are  being  carried  over  in  flats. 

An  additional  1,100  individual  plants  were  added  to 
the  bluegrass  nursery  last  summer,  bringing  the  total  in- 
dividually spaced  plants  to  approximately  3,600. 

Twenty-six  clones  of  bluegrass  that  were  selected 
at  random  from  a  poor  pasture  (mostly  broomsedge  and  pov- 
erty grass)  and  28  clones  that  were  selected  at  random  from 
a  good  pasture  were  brought  into  the  greenhouse  for  the 
purpose  of  studying  their  response  to  various  fertilizer 
treatments.    A  good  epidemic  of  mildew  was  obtained  and  the 
clones  classified  according  to  resistance ■ and  susceptibility 
as  follows: 

Moderately 
Susceptible     Susceptible  Resistant 
Clones  from  poor  pasture  ~"  Jo  8 

Clones  from  good  pasture  2  3  23 

By  far  the  majority  of  clones  from  the  poor  pasture 
were  susceptible  to  mildew.    TVhether  they  will  also  be  more 
susceptible  to  certain  other  diseases  remains  to  be  soon. 

Approximately  1,000  individually  spaced  white  clover 
plants  now  have  been  established.  The  first  notes  on  these 
will  bo  taken  in  1942. 

SNOW  MOLD  IN  PASTURE  ;iJD  FINE  TURF  GRASSES 
(WITH  PENNSYLVANIA) 

Title:       Snow  Mold  in  Pasture  and  Fine  Turf  Grasses. 

Leaders:  For  the  Pennsylvania  Agricultural  Experiment  Sta- 
tion -  C.  C.  Weriiham. 
For  the  Pasture  Ro search  Laboratory  -  K.  W. 
Kreitlow. 

Continuation  of  the  work  reported  in  1941  developed 
several  lines  of  endeavor.     Host  range  work  now  in  progress 
may  aid  in  interpreting  some  of  the  data  previously  gathered. 
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Evidence  accumulated  during  the  past  year  indicated 
possibilities  of  geographic  races  or  different  species 
fron  widely  separated  localities.     A  nunber  of  orchard 
grass  selections  were  inoculated  in  field  plots  with  three 
representative  cultures  of  the  Typhula  organisru  Data 
fron  these  inoculations  should  contribute  toward  deter- 
mining the  importance  of  this  organism  as  a  factor  in  winter- 
injured  forage  grasses* 

TR I FOLIUM  RE PENS  BREEDING  (WITH  HEW  JERSEY ) 

Title:      Breeding  white  clover  for  pastures . 

Leaders:  For  the  New  Jersey  Agricultural  Experiment  Sta- 
tion *  H.  B*  Sprague. 
For  the  Pasture  Research  Laboratory  -  S.  So  Atwood. 

Progeny  Test  of  Diallel  Crossing  System.     The  material 
and  methods  used  in  the  diallel  cr"Js~sii'ig  "or  ogram  were  des- 
cribed previously  (1940  Annual  Report,  page  15),     Because  of 
the  large  number  of  progeny  to  be  tested,  only  part  of  the 
total  number  was  started  in  1940.    Another  block  was  started 
in  the  field  June  10,  1941,  in  a  manner  similar  to  that  used 
in  1940.     Although  there  are  79  hybrids  replicated  three  or 
more  times,  there  are  still  111  crosses  replicated  less  than 
three  times.     It  is  hoped  'chat  these  may  be  completed  in 
1942. 

During  the  summer   of  1941,  notes  were  taken  on  both 
the  1940  and  1941  plantings.     In  the  farmer,  observations 
were  made  on  density  of  occupation,  and  a  tally  was  made  of 
all  rows  outstanding  in  vigor  and  uniformity.     In  the  1941 
planting,  general'  vigor  was  recorded,   similar  to  notes  taken 
in  1940  on  that  year's  planting. 

Fron  the  tally  of  outstanding  rows  in  the  1940  plant- 
ing,  a  table  was  prepared  showing  the  number  of  crosses  in 
which  each  parent  appeared  in  relation  to  the  number  of  out- 
standing crosses  in  which  each  parent  appeared.     This  may  be 
regarded  as  a  preliminary  evaluation  of  the  parent  plants 
on  the  basis  of  progeny  behavior,   although  final  conclusions 
yd  11  not  be  drawn  until  the  test  is  completed.     From  this 
preliminary  evaluation  four  plants  were  judged  superior. 
These  strains  are  3-20  (6-3),  36-23  (6-9),  36-38  (6-10), 
and  Missouri  33  (6-16). 

Continuous  Selection  System  Without  Diallel  Crossing. 
Six  clones  from  each  of  six  superior  giant  type  white  clover 
plants  were  planted  in  Latin  square  formation  in  a  block 
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isola  ted  from  other  white  clover.     Seed  was  collected,  fron 
these  plants  in  the  summer  of  1941  and  geminated  with  the 
intention  of  starting  a  progeny  test.     Growth  of  the  seed- 
lings in  the  greenhouse,  however,  was  so  greatly  restricted 
that  the  progeny  test  could  not  be.  started.     3y  making 
crosses  between  the  parent  plants  in  -the  greenhouse  during 
the  winter  of  1941-42,  it  is  hoped  that  enough  seed  nay  be 
obtained  to  carry  out  the  plans  next  .sunnier.     The  progeny 
will  be  tested  in  a  grass  association  as  v/ell  as  alone. 

Drought  Resistance  Study..    The  object  of  this  study 
is  to  obtain  a  method  for  evaluating  white  clover  plants 
with  regard  to  their  internal  drought  resistance,  that  is, 
resistance  to  desiccation,  as  distinguished  fron  differ- 
ences in  root  extent  or  ability  to  obtain  moisture  fron 
soil.     The  plants  used  are  two  sets  of  P-^  progenies  fron 
the  progeny  test  described  in  the  first  section  above.  Be- 
sides the  15  individual  plants  in  each  progeny  group,  four 
of  the  parent  plants  (used  in  the  diallel  crossing)  are 
included.     Each  individual  plant  is  replicated  three  tines 
in  the  experiment • 

The  first  tost  was  unsuccessful,  because  the  des- 
iccation proved  to  be  so  sevore  that  all  cultures  wore 
killed. 

a  second  test  is  underway  during  the  winter  of 
1941-12.     The  plants  are  being  grown  in  the  greenhouse 
in  pots  containing  equal  quantities  of  soil.    V.'hen  the 
soil  is  well-filled  with  roots,  the  plants  will  be  wilted. 
All  of  the  plants  will  be  wilted  within  one-half  day  of 

-    each  other,  if  possible.     After  several  days  of  this 
severe  "drought",  water  will  again  be  added  to  the  pots 
and  the  differential  recovery  noted.     After  recovery, 

.    the  wilting  will  be  repeated  several  tines  until  all  of 
the  plants  have  succumbed. 
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RESEARCH  AT  THE  LABORATORY 


CYTOGENETICS  AND  BREEDING  OF  GRASSES 

Fertility  Studies  in  Dactyl is  g lone rata,  Lolrun  pcrenne, 

and  Phleum  pratense 


Emasculation  with  Hot  Water.     Studies  reported 
(1940  Annual  Report,  page  17)  were  continued  with  timothy 
and  orchard  grass  and  similar  results  were  obtained  ex- 
cept that  48*  Cj  was  lethal  to  the  orchard  grass.  There 
is  apparently  a  very  narrow  range  of  critical  temperature 
under  the  conditions  used  in  those  investigations. 

Variation  and  Inheritance  of  Ability  to  Set  Seed 
Under  Bag,      Determination  of  seed- sot  has  been  couple ted 
for  the  experiments  previously  described  (1940  Annual  Re- 
port, page  17),  and  a  more  complete  summary  of  the  results' 
is  possible. 

Data  on  number  of  seeds  per  panicle  set  under  bag 
were  obtained  for  51  clones  during  three  ^Qays,  1938, 
1939.,  and  1940.     The  3 -year  average  for  these  clones 
ranged  from  1,3  to  191,3  seeds  per  panicle.  Replicated 
data  were  collected  during  1939  and  1940  and  the  data 
were  reduced  by  the  analysis  of  variance.     To  overcome 
the  difficulty  imposed  by  such  heterogeneous  material, 
the  51  clones  were  separated  on  the  basis  of  their  mean 
seed-set  into  five  groups  as  follows:  1  to  10,  10  to  25, 
25  to  50,   50  to  100,  and  100  to  200  seeds  per  panicle. 
The  differences  between  years  were  statistically  signifi- 
cant in  two  of  the  groups  and  the  interaction  of  years  x 
clones  was  significant  in  two  groups. 

The  most  striking  feature  of  the  results  was  the 
extremely  high  mean  square  for  error.     In  each  of  the 
groups,  the  standard  error  of  a  single  determination  ap- 
proached the  magnitude  of  the  mean  of  that  group.  A 
knowledge  of  the  components  contributing  to  that  variance 
is  of  considerable  importance.     The  data  were  collected 
in  1940  in  a  manner  permitting  the  separation  of  the  com- 

pone'nts  of  the  error  variance  into  variance  between  bags 
on  the  same  plant,  variance  between  plants  in  the  sane 
row,  and  variation  between  clonal  rows.     This  analysis 
for  the  1  to  10  group  of  clones  is  shown  in  table  1. 
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Table  1#    Analysis  of  variance  of  nunber  of  seeds  per  panicle 
set  in  1940  on  plants  of  parental  clones,  the  ncan 
seed-set  of  which  ranged  from  Q  to  10 • 


Variation  duo  to 

:D/F 

-Mean  square 

Replications 

:  2 

115.5046 

Clones 

!      11  ! 

!  123.0135 

Error 

:     22  - 

;  44.4693 

Within  rows  of  clones 

:     36  - 

:-  21.4476 

Within  plants  • 

:  144 

:  13.1227 

The  error  variance  consists  of  throe  components,  i.e., 
variation  between -clonal  rows,  variation  within  clonal  rows 
(between  plants),  and  variation  within -plants  (between  bags). 
The  relationship  of  these  components  is  expressed  by  the 
f  omul  a  - 


r  =  Nb(Np  .  Nr  .  K-  Np  .  p  -  q) 

where 

K  =  variance  of  the  mean  for  error  • 
p  =  estimated  true  variance  between  clonal  rows 
q  =  estimated  true  variance  bo two en  plants  within 
rows 

r  =  variance  between  bags  on  a  plant 
4     Nr~^nunbor  of  replications 

Np=  number  of  plants  in  oach  row 
Nb=  number  of  bags  on  each  plant 

Calculations  made  using  this  formula  indicated  that 
any  appreciable  reduction  in  error  variance  could  bo  aocon 
plished  only  by  incroasod  replication. 


In  another  experiment  the  effects  of  protecting  the 
culms  by  wrapping  them  with  cotton  at  the  base  of  the  bag, 
of  number  of  panicles  in  the  bag,  and  of  ordor  of  maturity 
of  the  panicles  on  the  plant  wore  investigated.  Three 
replications  of  four  clones  wore  used  and  a  "split  plot" 
typo  of  design  was  employod.     Protection  of  the  culms  with 
cotton  did  not  affect  the  seed-sot.     The  average  number  of 
seed  per  panicle   with  1,  2,  4,  and  8  panicles  per  bag  was 
60,  63,  54,  and  40,  respectively.     The  average  for  8  pani- 
cles was  significantly  lower  than  any  other.     The  first 
group  of  panicles  to  emerge  on  the  plants  averaged  69 
seed  per  panicle  as  compared  with  39  for  those  panicles 
emerging  about -one  week  later.     The  difference  is  statisti- 
cally significant. 
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In  19-40,  data  wero  collected  on  open-pollinated 
seed-set  in  addition  to  soed-set  under  bag  and  the  latter 
was  expressed  as  percentage  of  the  fornor,     The  clones- 
ranged  from.  0,8  to  51*1%.     The  differences  among  clones 
were  very  highly  significant  statistically. 

Data  were  obtained  on  nunber  of  seed  per  panicle  set 
under  bag  on  first-inbred-generation  progenies  of  46  clones. 
The  correlation  coefficient  of  nean  seed-set  of  the  parental 
clones  with  the  average  of  their  inbred  progenies  was  0.62, 
indicating  that  heritable  differences  were  obtained.  The 
average  seed-sot  of  the  clones  was  40.2  and  that  of  the 
♦inbreds  was  14.9.     This  difference  is  highly  significant. 
Of  the  46  inbred  families,  the  average  seed-set  was  lower 
than  that  of  the  parent  in  36  cases  and  higher  in  10.     The  so 
10  families  were  all  among  the  progenies  of  the  20  clones 
with  the  lowest ' seed-set.    A  clue  to  the  causes  of  this 
reduction  in  seed-set  under  bag  accompanying  inbreeding  is 
provided  by  the  data  on  percentage  seed-set.     The  average 
percent  for  the  clones  was  19.3  and  for  the  inbreds  15.2. 
Of  the  46  families,  the  percent  seed-set  of  the  inbreds 
was  lower  than  that  of  their  parents  in  27  cases  and  higher 
in  19  cases.     The  differences  between  clones  and  inbreds 
are  of  doubtful  statistical  significance.    Apparently  the 
reduced  seed- set  under  bag  of  the  inbreds  as  compared 
with  the  clones  may  be  attributed  to  a  considerable  ex- 
ten-;  to  a  general  reduction  in  seed-sotting  ability,  although 
there  is  evidence  in  addition  of  some  decrease  in  self- 
fe.'tility  as  a  result  of  one  generation  of  inbreeding. 

In  1941,  data  were  obtained  from  33  sccond-inbrcd- 
generation  families  and  the  average  seed-set  of  the  Ip 
plants  was  again  reduced  as  compared  with  their  1^  parents. 
Since  seed-set  with  open-pollination  was  not  determined  on 
these  plants,  it  is  impossible  to  draw  conclusions  regard- 
ing the  causes  of  this  decrease. 

The  results  obtained  to  date  may  be  summarized  as 
follows;     (l)  there  is  a  considerable  range  in  ability  to 
set  seed  under  bag  in  orchard  grass;   (2)  some  of  these  dif- 
ferences are  heritable;   (3)  the  character  exhibits  such 
great  random  variation  that  it  is  very  difficult  to  study; 
(4)  there  is,  in  general,  a  reduction  accompanying  inbreed- 
ing in  number  of  seeds  per  panicle  set  under  bag,  much  of 
which  can  be  accounted  for  by  a  general  reduction  in  seed- 
setting  ability;  and  (5)  this  character  proves  to  be  a 
major  obstacle  in  an  inbreeding  program. 
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Inheritance  of  Halo-Sterility  in  Dactylis  g lone rata. 
Data  were  obtained  From  cossos  of  three  naie-sterilo  plants 
of  orchard  grass  (1938  Annual  Report,  page  31)  with  5,  5, 
and  6  male -fertile'  plants,  respectively.  Male-sterility 
of  one  of  tho  parents  clearly  was  recessive  to  nomal  and 
possibly  conditioned  by  a>  single  factor,  although  the  evi- 
dence is  not  conclusive  on  the  latter  point.     The  F^s  in- 
volving each  of  the  other  male -sterile  parents  behaved  in  „ 
quite  a  different  manner.     In  crosses  with  certain  nale- 
fertile  parents,  the  F^  was  all  nale-sterile  while  in 
crosses  with  other  riale-f ertile  parents,  the  F]_  segregated, 
with  a  majority  of  tho  plants  nale-sterile.     Gonetical  ex- 
planation of  this  behavior  nust  await  the  results  of  further 
investigations  that  are  now  in  progress. 

Varietal  Inprovenent  of  Dactylis  glonorata,  Loliun 
perenne,  Phbur.1  pratenso,  and  Poa  pratensis 


Evaluation  of  Plant  Typos.     The  use  of  short  rows 
and  snail  plots  as  a  ncthod  of  evaluation  of  plant  types 
is  being  investigated  in  orchard  grass  and  Kentucky  bluo- 
grass.     In  orchard  grass,  50  clones  wore  increased ■ vogo- 
tatively  and  tho  plants  of  oach  clone  spaced  three  inches 
apart  in  6-foot  rows  distributed  at  randon  in  three  repli- 
cations, the  rows  spaced  one  foot  apart.     In  1941,  one  end 
of  eaoh  row  (throe  feet)  was  clipped  periodically  with  a 
lawn  nower.     The  other  half  of  each  row  was  cut  with  a 
sicklo  at  tho  hay  stage.     Striking  differences  among  clones 
were  observed  in  growth  habit,  leafiness  under  clipping  and 
at  hay  stage,  absence  of  extreno  bunchiness,  recovery  fol- 
lowing clipping,  date  of  cut  for  hay,  and  'amount  of  after- 
math . 

In  Kentucky  bluegrass,  the  81  clones  which  had  been 
tested  previously  in  clonal  plots  (1940  Annual  Report, 
pages  18  ond  19)  were  used.     In  two  replications,  plants  of 
the  clones  were  spaced  three  inches  apart  in  3-foot  rows 
which  were  two  feet  apart.     In  two  additional  replications, 
plots  2  feet  by  3  feet  were  planted  with  seed  at  tho  rato 
of  15  pounds  per  acre.    All  rows  and  plots  were  established 
in  the  spring  of  1940  and  wore  clipped  periodically  with  a 
lawn  newer  during  1940  and  1941 • 

Observational  n^tos  indicated  that  results  from  thoso 
small  rows  and  plots  compared  favorably  with  those  from  the 
larger  clonal  plots.     In  view  of  tho  considerable  saving  of 
space  and  labor  for  establishment,  this  type  of  planting 
seems  to  have  value  where  preliminary  tests  of  large  numbers 
of  individual  plants  are  desired. 
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Method  of  Reproduction  in  Poa  pratensis.  Opcn-pol- 
linated  progenies  of  12  plants,  avoraTmhg  3 '±72"  plants  por 
progeny,  were  classified.     There  was  a  range  from  5*0  to 
50.0  percent,  with  an  average  of  .21,1  off -type  plants 
for  the  12  progenies.     These  results  support  conclusions 
drawn  fron.  previous  investigations  at  the  Laboratory  that 
a  higher  degree  of  sexuality  occurs  in  Kentucky  blue grass 
than  has  been  reported  by  nost  other  workers. 

Second-generation  progenies  have  established  fron 
68  first-generation  plants,  some  of  which  were  selected 
fron  highly  variable  and    others  fron  the  nore  uniform 
first-generation  families.     Data  fron  these  plantings  will 
supplement  that'  to  be  obtained  fron  the  progeny  tests  pre- 
viously described  (1940  Annual  Report,  page  IS), 

Progeny  tests  of  additional  selected  plants  were 
planted.    These  are  part  of  the  cooperative  breeding  proj- 
ects with  the  Pennsylvania  Agricultural  Experiment  Station 
and  the  West  Virginia    Agricultural  Experiment  Station  and 
will  be  discussed  in  that  section  of  the  Report. 

Genotical  Investigations 

Heritable  Characters  in  Phi pun  pratensc.     It  is  shown 
elsewhere  in  this  Report  that  plants  of  hexaploid  timothy 
have  a  variable  number  of  quadrivalent s  and  occasional  sox- 
ivalents  at  diakinesis  and  notaphasc  I,     Such  multivalent 
pairing  should  bo  reflected  in  the  genotical  ratios  obtained. 
To  test  this  hypothesis,   seed  of  I±  and  Ig  progenies  of  seven 
plants  were  geminated  and  classified  for  albino  and  yellow 
seedlings.     The  numbers  of  Ig  families  studied  fron  each 
parent  wore  11,  22,  23,  23,  23,  25,  and  26,  respectively. 
The  ratios  obtained  can  not  be  fitted  to  those  calculated 
on  the  basis  of  dihybrid  and  trihybrid  inheritance •  Evi- 
dently polysomic  inheritance  occurs.     Plants  of  selected  1 2 
families  have  been  placed  in  the  field  to  provide  seed  for 
I3  tests  and  thus  afford  nore  critical     genotical  evidence 
regarding  the  type  of  chronosonal  association  in  timothy. 

Heritable  Characters  in  Dactylis  glome rata.  Because 

of  the  type  of  inheritance  encountered  in  orbnard  grass 
(1940  Annual  Report,  page  21),  characters  which  can  bo 
classified  in  the  seedling  or  young  plant  stage  are  par- 
ticularly desirable  for  many  cytogenetical  investigations 
with  this  species.     Because  of  the  dearth  of  useful  marker 
genes  which  are  available,  considerable  effort  lias  been 
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expended  in  searching  for  additional  ones.     During  the 
past  year,  Ij  progenies  fron  104  plants  fron  open-polli- 
nated populations  have  been  established  in  flats  in  the 
greenhouse  and  observed  for  recessive  types.    Most  of  the 
progenies  had  one  or  nore  such  recessives,  many  of  which 
resembled  pheno typically  types  which  had  been  isolated 
previously.    More  detailed  description  of    these  char- 
acters will  be  reserved  until  their  inheritance  and  allc- 
lisn  has  been  determined  nore  completely. 

Inheritance  of  Spotting  in  Sorghum  vulgaro  var. 
Sudanense.  Each  of  approximately  450  selfod  lines  of 
Sudan  grass  grown  during  1941  showed  either  tan  or  red 
r~oliar  spotting/  depending  on  the  color  of  the  pigment 
carried  by  the  line.  Differences  between  selfod  lines 
were  noted  in  time  of  appoaranco  of  the  spots,  their 
shape,  and  frequency. 

The  parents  as  well  as  the  F]_,  Fg*  and  Fg  genera- 
tions of  crosses  involving  three  typos  of  spotting  were 
grown  and  studied.     No  causal  organism  was  found.  As 
has  been  pointed  out  by  others,  tan  was  found  to  bo  a 
simple  recessive  to  rod.     The  inheritance  data  suggest 
that  the  tine  of  appearance  of  spots,  their  general  ap- 
pearance, and  the  relative  susceptibility  of  the  host  to 
them  scorn  to  bo  conditioned  by  a  nu.iber  of  factors.  The 
data  collected  have  been  summarized  and  prepared  for  pub- 
lication. . 

Interspecific  Hybridization  inPoa,    An  F2  popu- 
lation consisting  'of~lippro:amately  500  spaced  plants  has 
been  established  in  the  fiold  from  open-pollinated  scod- 
set  on  the  Fj_  Poa  comprossa  x  p,  pratonsis*  Extreme 
segregation  was  noted  during  tnc  rirst  season  (1941)  in- 
dicating that  the  Fj.  was  predominately  sexual  despite  the 
fact  that  both  parents  were  completely  (or  nearly  com- 
pletely) apomictic.    More  detailed  analysis  of  the  types 
obtained  in  Fg  will  be  made  in  1942. 

Cytological  Investigations 

Meiotic  Behavior  in  Phleum  pretense.    Meiotic  be- 
havior was  studied  in  the  microsporocytes  of  10  plants  of 
hexaploid  timothy.     In  six  plants,  from  9  to  36  diakinesis 
sporocytes  were  examined  and  the  average  pairing  of  the 
plants  ranged  fron  14.20JJ  +  2.94IV  +  0.30YI  to  8,50  + 
4.86jy  +  0o9yj.     The  average  chiasma  frequency  (1/2 
chiasnata  per  chromosome)  ranged  from  1.67  to  1.90  and  the 
correlation  coefficient  of  bivalent  with  chiasma  frequency 
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-was  0.44,  a  value  without  statistical  significance.  Although 
little  confidence  can  be  placed  in  correlation  coefficients 
based  upon 'four  degrees  of  freedom,  it  is  perhaps  significant 
that  a  positive  correlation  coefficient  was  obtained  when  a 
negative  one  night  have  been  expected*     The  results  suggest 
that  sone  other  factor,  chromosomal  differentiation  perhaps, 
may  have  exerted  greater  influence  then  ohiasna  frequency  up- 
on variations  in  multivalent  formation  among  these  plants. 
•In  the  remaining  four  plants,  1,  2,  4,  and  5  diakinesis 
sporocytes  were  examined  and  multivalents  were  found  in  all. 
The  individual  sporocytes  in  the  10  plants  ranged  from  0  to 
7  quadrivalents  and  0  to  3  sexivalents.    Although  throe  soxi- 
valents  were  the  maximum  in  any  one  sporocyte,  at  least  four 
of  the  chromosome  sots  are  capable  of  associating  in  this 
manner.    The  six  nucleolar  chromosomes  wero  associated  fre- 
quently as  a  sexivalent  while  in  the  sporocyte  with  throe 
sexivalents, '  the  nuoleolar  chromosomes  were  not  involved. 
In  the  10  plants  the  percentage  of  MI  sporocytes  with  un- 
paired chromosomes  ranged  from  1.1  to  14.3,  the  percentage 
of  AI  sporocytes  with  lagging  and  dividing  univalents 
ranged  from  0  to  23.1,  and  the  percentage  of  qu:.rtots  with 
micronuclei  ranged  from  0  to  15.1.     Dicentric  bridges  and 
acentric  fragments  at  AI  indicated  that  five  of  the  plants 
were  heterozygous  for  one  or  more  inversions.     In  the  other 
five  plants,  the  number  of  AI  sporocytes  rec;rdec!  was  too 
small  to  exclude  the  possibility  of  inversions,  although  no 
bridges  and  fragments  wero  seen  in  the  sporocytes  examined. 

Meiotic  Behavior  in  Lolium  perenno.  Preliminary 
data  have  been  obtained,  c oncoming  the  inheritance  of 
partial  a synapsis  in  perennial  ryegrass.    A  partially 
asynaptic  plant  was  crossed  with  a  normal  one  and  five  F]_ 
plants  wore  sib-mated  to  produce  threo  F£  populations  of 
10,  10,  and  11  plants  each.    Metaphaso  I  and  anaphase  I  of 
microsporocytes  from  the  five  Pi  and  31  F?  plants  Wero  ex- 
amined.    The  ratios  of  regular  to  partially  asynaptic  plants 
in  tho  three  F2  populations  wero  6:4,  8:2,  and  8:3,  suggest- 
ing a  single   recessive  factor  conditioning  the  character. 
Among  the  plants  classified  as  partially  .asynaptic,  the 
percentage  of  MI  sporocytes  with  univalents  ranged  from  13.6 
to  68.8,.  while  the  percentage  of  AI  sporocytes  with  lagging 
univalents  ranged  from  15.8  to  80.9.     Such  extreme  fluctua- 
tions suggest  the  operation  of  modifying  factors.  Further 
evidence  for  this  hypothesis  was  obtained  from  comparing  the 
average  percentage  of  asynapsis  and  A I  laggards  in  tho  Fg 
populations. 

To  test  the  hypothesis  of  a  single  major  factor  plus 
modifiers,  sib-matings  of  selected  F2*s  and  baekcrossos  of 
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selected  Fg's  to  the  F-j_  were  nade.  Progenies  of  these 
crosses  are  being  grown  and  will  be  examined  cytologi- 
cally. 

Correlated  Studies  of  i/Iciotic  Behavior  of  Diploid 
and  Induced  Autotetraploid  Loliio  perenne"     For  studies 
of  neiotic  behavior  in  induced  autotetraplpid  Loliua 
perenne .  naterial  produced  by  colchicine  treatment  of 
seeds  (1938  Annual  Report,  pages  33  to  37)  was  used.  For 
purposes  of  comparison,  data  were  obtained  fron  the  tetra- 
ploid  clone  and  fron  the  diploid  clone  isolated  fron  the 
sane  original  seedling.     In  all,  11  pairs  of  tetraploid- 
diploid  wore  studied.     In  tho  11  autotetraploid s,  thero 
was  a  range  in  chiasna  froquency  (l/2  chiasnata  per  chrono- 
sone)  fron  1,36  to  1.83,  in  q  uadrivalent  frequency  por 
nicrosporocyte  fron  2,92  to  4,83,  in  percentage  of  MI 
with  univalents  fron  17,27  to  51.79,  in  porcenta.ro  of  AI 
with  lagging  univalents  fron  17.32  to  56.26,  and  in  per- 
centage of  quartets  with  nicronuclei  fron  24.97  to  56.59. 

Correlation  coefficients  were  calculated  for  all 
c x.ibinations  of  those  characters.     Only  the  correlation 
coefficiont  for  MI  univalents  with  AI  univalents  (r  =  0.628) 
.was  statistically  significant.    However,  certain  others 
approached  statistical  significance  and  suggest  possible 
relationships.     Chiasna  froquency  was  positively  correlated 
with  quadrivalent  frequency  (r  =  0.464)  and  negatively  cor- 
related with  percentage  of  MI  sporocytes  with  univalents 
(r  =  -0.546).     Quadrivalent  frequency  was  not  correlated 
with  percentage  of  MI  with  univalents  (r  =  0.105)  but  was 
correlated  with  frequency  of  AI  with  laggards  (r  =  0.535). 
These  results  suggest  that  chiasna  frequency  is  related  to 
quadrivalent  frequency  and  presence  of  univalents  at  MI. 
Variations  in  quadrivalent  f requoncys  ire  not  related  to  un- 
paired chronosones  at  MI  but  do  contribute  to  frequency  of 
laggards  at  AI«     This  is  a  significant  point  in  view  of 
the  fact  that  there  usually  was  found  a  higher  frequency 
of  laggards  at  AI  than  could  be  attributed  to  the  unpaired 
chronosones  at  MI-. 

The  induced  autototraploid,  L.  perenne,  does  not 
differ  -in  general  fron  tho  natural  autotetraploid,  Dactylis 
glonorata,  in  quadrivalent  or  chiasna  frequency.     Two  in- 
portant  differences  have  been  noted.     The  "autotetraploid, 
L.  pe-ronno ,  has  on  the  average  a  higher  frequency  of  un- 
paired chronosones  at  MI  and  consequently  nore  lagging  at 
AI  and  All.     Furthermore,  whereas  disjunction  at  AI  was 
usually  numerically  equal  in  D.  glonerata,  in  40  sporo- 
cytes counted  of  L.  perenne,  ~52.5%  had  a  14-14  distribution, 
40.0^'had  13-15,  and  7.5%  had  12-16. 


24 


No  statistically  significant  correlation  coeffi- 
cients wcro  obtained  between  the  features  of  meiosis 
studied  *in  the  diploids  with  thoso  studied  in  the  auto- 
tetraploid.    The  chiasna  frequency  per  chromosome  was 
lower  in  the  tetraploid  than  in  the  diploid  in  10  of  the 
11  pairs.     This  relation  had  been  postulated  previously 
but  adequate  critical  data  had  not  been  available  to  sup- 
port the  hypothesis. 

Comparative  studies  of  frequency  of  dicentric  bridges 
and  acentric  fragments  yield  evidence  on  the  effect  of  in- 
versions upon  randomness  of  chrono  serial  association  in  an 
autotetraploid.    All  of  the  diploids  showed  evidence  of  be- 
ing heterozygous  for  an  inversion,  the  percentage  of  AI 
sporocytos  showing  bridges  and  fragments  ranging  from  0.20 
to  11.12  in  the  different  clones.     Considerable  fluctua- 
tion occurred  in  percentage  of  bridges  and  fragments  in  the 
tetraploid  as  compared  with  the  related  diploid.     The  aver- 
age for  the  11  diploids  was  3.89%  and  for  the  tetraploids 
3.98%.     If  the  inversion  does  not  have  any  effect  upon  ran- 
domness of  pairing  and  on  the  assumption  of  an  equal  fre- 
quency of  crossing-over  in  diploids  and  tetraploids,  the 
frequency  of  bridges  end  fragments  in  the  tetraploid  should 
have  been  1.33  tines  the  frequency  in  the  diploid.     On  this 
basis,  the  calculated  value  for  the  tetraploids  would  have 
been  5.17  compared  with  the  obtained  3.98.     Part  of  the 
lower  frequency  in  the  tetraploids  probably  can  be  attributed: 
to  lower  cross-over  frequency  indicated  by  the  reduced  number 
of  chiasr.iata.  It  nay  be  concluded  that  a  single  inversion  of 
the  size  used  in  these  studios  is  not  effective  in  completely 
inhibiting,  pairing  in  the  autotetraploid,  although  the  data 
suggest  that  there  has  been  a  slight  influence. 

Progeny  of  triple i-d  Loliuri  poronne.     Chrono s one  num- 
bers of  Y  2  of  tiio"' pi  ants  from  open-pollinated  seed  jf  the 
triploid  plant  (1940  Annual  Report,  page  22)  were  determined 
from  the  micro sporocytos .     The  remaining  9  died  before  de- 
termination could  be  made.     Of  these,  4  were  very  abnormal 
and  weak.     Of  the  72  plants,  12  were  2x,  30  wore  2x  +  1,  21 
■  wore  2x-  +  1  +  1,  4  wore  2x  +1  +  1  +  1,  3  were  2x  +  1  +  1  + 
1+1,  and  2  were  sectorial  chimeras.     Both  of  the  latter 
two  plants  originally  had  very  narrow,  rolled  leaves „  Later 
sectors  appeared  with  leaves  of  normal  width.     The  original 
typo  of  one  plant  Was  2x  +  1  +  1  and'  the  new  sector  was 
2x  +  1.     In  the  other  plant,  the  original  sector  was  so  ab- 
normal that  sporocytos  could  not  be  obtained.     The  nut ant 
sector  was  2x      1  +1  +  1.     The  narrow  loafed  original  plants 
wore  similar  to .one  of  the  trisomies  and  it  was  concluded 


that  the  narrow  leaf  is  conditioned'' by  one  of  the  chrono- 
sones  when  in  the  tri sonic  condition,    Fr on  this  and  pre- 
vious evidence  there  appears'  to  be  a  tendency  for  that 
extra  chronosone  to  bo  lost  in  nitotic  divisions'. 

The  30  tri sonic  plants  could  bo  classified  into 
seven  groups  on  the  basis  of  no.rphological  characteristics* 
The  classes  covered  a  range  fron  the  easily  distinguished 
narrow  leafed  .type  "to  a  "type  indistinguishable  fron  nornal. 
The  chr 03.10 s ones  '  involved  have  not  boon  identified  yet  cy- 
tolqgicai.iy.  and  the  classification  into  seven  groups  nay  be 
considered  only  provisional  pending  identification  of  the 
chronosones  • 

Open-pollinated  progenies  of  two  trisomies  wore 
grown  and  their  chronosone  nunbers  dotominod  fron  nicro- 
sporocytes,    jjcibng  the  progeny  of  ono,  18  plants  were  2x, 
2  were  2x  +  1,  and  1  was  2x  +  1  +  1.     The  origin  of  the 
double  tri  sonic  has  not  been  determined,  but  since  the 
tri sonic  parent  showed  a  snail  amount  of  asynapsis,  it  is 
possible  that  the  extra  chromosome  reached  the  gamete  duo 
to  a  neiotic  irregularity,    Anong  the  progeny  of  the  second 
tri sonic,  9  plants  were  2x  and  8  Y/ero  2x  +  1,     The  trisonic 
plants  wore  indistinguishable  fron  their  diploid  sibs. 

There  have  been  planted  73  additional  plants  fron 
opera-pollinated  seed  of  the  triploid  plant.  Chronosone 
numbers  of  these  will  be  dotominod  whon  nicrospor 3cytos 
a.vo  availablo  for  study. 

Variations  in  Moiotic  Behavior  anong  PI ant s  of 
Dactylis  glomcrata.     In  continuation  of  the  investigations 
of  neiotic  behavior  in  orchard  grass  (1940  Annual  Report, 
pages  21-22),   six  of  the  plants  studied  previously  wore 
selected.     Clones  of  these  plants  were  growing  in  the  field 
in  three  replications  and  the  1^  progenies  wore  planted  in 
adjacent  rows.     Sporocytes  were  collected  fron  each  replica 
tion  of  tho  parents  in  1940  and  again  in  1941,     In  1941, 
sporocytes  wore  collected  fron  throe  additional  replicated 
clones.     In  1940,  spDrocytes  were  collected  fron  plants 
anong  the  I-j_  progenies  of  the  6  selected  plants.  Data 
woro  obtained  fron  5,  9,  10,  10,  12,   and  13  I1  plants. 
In  1941,  material  was  collected  fron       plants  among  the 
progenies  of  the  throe  additional  parents.     Fron  the 
naterial  collected  in  1940,  data  woro  obtained  on  frequency 
of  quadrivalent s,  MI  univalents,  AI  univalents,  and  nicro- 
nucloi  in  tho  quartets,    Fron  tho  naterial  collected  in 
1941,  these  sane  characters  were  studied  and,  in  addition, 
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chiasma  frequency  at  diakinesis  was  determined.    An  analysis 
of  variance  was  calculated  for  each  character  from  the  data 
for  the  6  clones  which  were  studied  during  two  years  and  in 
each  case  there  were  highly  significant  differences  among 
clones.    Also,  the  interaction  of  years  x  clones  was  highly 
significant  statistically.     There  wore  highly  significant 
differences  among  the  nino  clones  in  1941  in  chiasma  fre- 
quency and  the  variations  in  chiasma  frequency  wore  not 
closely  correlated  with  quadrivalent  frequency. 

Studies  of  the  inbred  progonios  in  relation  to  thoir 
parents  revealed  two  important  results:     (l)  the  avorago  of 
the  inbred  progeny  was  correlated  with  that  of  the  parent  in 
each  of  the  characters  studied,  indicating  that  the  differ- 
ences were  heritable;   (2)  the  average  quadrivalont  frequency 
of  the  inbreds  was  very  nearly  the  same  as  their  rospective 
parents  but  the  average  frequency  of  unpairod  chromosomes 
at  MI,  laggards  at  AI,  and  micronucloi  in  the  quartets  was 
much  higher  in  the  inbreds  than  in  the  parents.  Thus, 
meiotic  irregularity  was  found  to  bo  increased  following 
inbreeding.    All" of  the  data  from  tho        plants  fixed  in 
1941  have  not  boon  collected  and  moro  complete  analysis  of 
the  interrelations  of  characters  of  meiosis  must  await  the 
completion  of  those  data, 

CYTOGENETICS  AND  BREEDING  OF  IEGUIvES 

Fertility  Studios  in  Trifolium  ropons 

Genetics  of  Psoudo -Self -Compatibility  and  Its  Rela- 
tion to  Cross-Incompatibilityl     In  tho  provious  Roport  (1940 
Annual  Roport,  page  £'SJ]  data  wore  prosonted  which  showod 
that  cross-incompatibility  was  conditioned  by  a  series  of 
oppositional  alleles  in  psoudo-solf -compatible  plants,  just 
the  seme  as  in  self -incompatible  plants.     The  only  irregular 
results  wore  with  the  original  fomale  parent.    Further  data 
have  confirmed  the  hypothesis  that  this  irregular  plant  had 
changed  from  the  constitution  S4S5  to  S4S4.     By  studying  Fg 
plants  this  past  year  in  tho  field  as  well  as  m  tho  green- 
house it  has  been  demonstrated  that  tho  pseudo-self -compati- 
bility of  the  original  f emalo  parent  was  a  heritable  char- 
actor,  which  was  transmitted  to  the  F^*  F£>  and  backcross 
generation  plants.     This  ability  to  sot  a  f  ow  selfed  seeds 
under  certain  treatments  appears  to  be  conditioned  by  sev- 
eral genes  -which  were  additive  in  offoct  and -  which  wore 
hetorozygous  in  the  parents.     Since  plants  of  both  rela- 
tively high  and  low  psoudo-sclf -compatibility  wore  found 
in  all  six  genotypes,  of  not  only  the  parents  and  F-i  but 
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also  the  F2  generation,  it  is  concluded  that  Tittle  re- 
lationship exists  between  the  S  factors  and  those  condi- 
tioning pseudo-self -compatibility .     The  complete  results 
-of  this  study  have  been  submittod  for  publication. 

In  connection  with  other  genetic  studies,  a  few 
inbrod  plants  from  pseudo-self -compatible  parents  wore  in- 
vestigated in  regard  to  their  S  factors,  using  as  a  tost 
the  diallel  crosses  in  their  F^  progonios.     It  would  be 
expected  that  half  of  all  such  f irst-goneration  inbrods 
would  bo  homozygous  and  half  heterozygous  for  the  S 
alleles.     Of  the  three  inbrods  thus  investigated,  two 
proved  homozygous  and  one  heterozygous, 

Gonotics  of  Solf-Compatibility.     From  the  F^  diallel 
crosses  in  the  9-series,  as  described  in  last  yearTs  Re- 
port (1940  Annual  Report,  page  25),  it  was  concluded  that 
the  original  male  paront  was  heterozygous  for  a  self^-com- 
patibility  factor  (Sf) ,  and  that  this  gene  is  a  member  of 
the  multiple  allolomorphic  S  series.     The  results  from  this 
past  yearfs  study  of  Fg  plants  have  confirmed  this  theory. 
The  diffcront  self -compatible  genotypes  in  the  Fj_  were 
identified  by  backcrossing  to  the  parental  raid  groups, 
48  F2  plants,  which  had  resulted  from  four  F]_  intercrosses, 
A  similar  classification  of  these  plants  was  effected 
through  selfing  in  both  greenhouse  and  field,  although  by 
some  methods  of  selfing  the  influence  of  modifying  factors 
was  conspicuous.     Certain  of  the  self -compatible  Fg  plants 
wore  found  to  be  self -pollinating  as  well  as  self-compatible, 
i.e.,  they  were  autogamous.     By  appropriate  genetic  tests, 
it  was  also  shown  that  representative  first-generation  in- 
brods, which  had  come  from  the  original  male  parent,  all 
bore  the  Sf  gene  no  matter  whether  they  had  set  few  or 
many  heeds  per  head  after  solfing  in  the  field.     Some  of 
these  plants  with  the  lower  soed-set  were  effectively  male- 
sterile  because  of  hard  anthers.     From  appropriate  tests 
with  plants  which  wore  homozygous  for  incompatibility 
alleles,  it  was  concluded  that  Sf  is  dominant  over  the  sec- 
ond allele  carried  with  it  in  a  heterozygous  plant.  The 
prosonco  of  Sf  in  pollonj  however,  did  not  stimulate  othor 
pollen  applied  with  it,    A  paper  presenting  these  results 
has  boon  submitted  for  publication, 

A  few  other  plants  have  been  found  which,  by  progeny 
test,  appeared  to  have  self-compatibility  genes  similar  to 
the  Sf  just  described,  but  in  no  case  were  as  many  selfod 
seeds  obtained  consistently  from  the  so  plants  as  wore  ob- 
tained from  the  original  male  parent  and  its  self-compatible 
descendants. 
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Alleles  Causing  Cro ss -Incompatibility .     Sinco  pre- 
vious Work  (1940  Annual  Report,  page  24)  had  indicatod 
that  the  nunber  of  alleles  causing  cross-incompatibility 
in  white  clover  was  large,  a  more  refined  tost  was  made, 
using  two  series  of  plants.     The  first  consisted  of  10 
individuals  selected  fron  the  Laboratory1 s  brooding  nur- 
sery.    The  second  series  were  17  plants  selected  by  Profes- 
sor. "H«  B.  Sprague  for  use  in  the  cooperative  breeding  pro- 
gram.    In  both  cases,  the  plants  v/cro  of  oxtremcly  wide 
geographical  origin  so  that  there  was  very  little  probability 
of  their  being  related.    When  these  27  plants  were  crossed 
with  a  plant  homozygous  for  oppositional  alleles  (SjS^),  all 
ma  tings  were  compatible.     In  26  of.  the  27  resultant  F]_ 
progenies  of  4  to  8  plants  each, two  intra-sterile,  inter- 
fertile  groups  were  found,  while  in  the  other  progeny  only 
one  group  was  found.    Within  each  series,  all  groups 
wore  mated  dialloly  and  each  F]_  group  or  its  heterozygous 
parent  was  crossed  as  a  female  with  six  plants,  homozy- 
gous, respectively,  for  six  other  alleles.  Incompatible 
mating s  between  any  two  plants  indicated  that  the  two 
alleles  boing  tested  were  identical.     Of  the  26  alloles 
tested  in  the  first  series,  25  (96$)  proved  to  be  differ- 
ent and  in  the  second  series,  34  (83%)  of  the  41  were  dif- 
ferent.   A  detailed  report  of  this  work  has  been  submitted 
for  publication.     For  a  continuation  of  this  study,  two 
collections  of  plants  have  boon  made  in  locally-confined 
natural  'populations  of  white  clover. 

"Natural  Crossing"  undor  Bee  Cages.    Enclosed  under 
eight  bee  cages  in  the  field  last  summer  wore  eight  plants 
with  different  degrees  of  pseudo-self -compatibility ,  each 
with  recessive  solid  green  leaves.    Also  in  each  cage  were 
clones  of  another  plant,  which  was  homozygous  for  a  domi- 
nant white  marking  on  the  leaf.     Seed  was  harvested  from 
the  recessive  plants,  and  the  seedlings  wore  grown  for 
classification  this  past  fall.    .'J. though  the  data  are  not 
completely  analyzed,  it  is  evident  that  all  plants  showed 
a  very  high  percent  of  natural  crossing  (over  97%),  except 
the  plant  with  highest  pseudo-self -compatibility,  in  which 
case  there  was  about  80%  crossing. 

Effect  of  Temperature  on  Cro s s - In c omp a t i bi 1 i ty .  Since 
temperature  had  been  shown  in  other  species  to  have  a  pro- 
nounced influence  on  pollen  tube  growth,  a  test  was  made 
to  determine  its  effect  on  cross-incompatible  mating s  in 
white  clover.     Clones  of  several  plants,   some  of  which  were 
homozygous  and  others  heterozygous  for  oppositional  alleles, 
were  used  in  this  study.     For  each  treatment  several  heads 
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on  each  plant  either  were  selfed  or  were  crossed  with  an- 
other plant  of  the  some  incompatibility  group  and,  at  the 
sane  tine,   several'  other  heads  were  crossed  using  pollen 
from  a  compatible  plant.     Immediately  after  pollination, 
the  different  plants  wore  placed  in  daylight  chambers, 
with  constant  temperatures  of  10°,  15  e,  and  30°  C.  and  for 
periods  of  24,  43,  and  72  hours  at  each  tonporature.  As 
checks,  plants  also  wore  kept  in  the  greenhouse  naintained 
at  about  20°  C.    Among  the  incompatible  natings,  no  tempera- 
ture treatment  induced  more  seed  to  set  than  was  obtained 
at  20 °.     Likewise,  the  various  temperature  treatments  had 
no  effect  on  the  seed-set  in  compatible  matings.  - 

Varietal  Improvement  of  Trifolium 

Inbreeding  Studios.     The  planting  of  inbrods  in  1941 
constated  of  (1 ) '  90  second-gene  ration  lines  of  white  clover, 
(2)  12  first-generation  lines  of  white  clover,   (3)  7  second- 
generation  lines   }f  Ladino,  and  (4)  12  first-generation 

lines  of  strawberry  clover*     The  planting  v/as  in  three  ran- 
domized blocks  for  each  group  .of  lines  and  there  were  about 
30  plants  to  a  line.     Interplanted  were  clonal  rows  of  the 
corresponding  parents,  and  of  the  Ii  parent  in  the  case  of 
the  Ig  lines.     Because  of  the  drought  in  both  spring  and 
fall,  growth  v/as  subnormal  and  no  systematic  notes  will  be 
taken  until  next  summer. 

Further  observations  were  made,  however,  on  the  in- 
brods in  the  1940  -nursery.    Among  the  second-generation 
lines,  the  average  decline  in  vigor  in  comparison  with  the 
original  parents  was  nearly  40%."  Certain  lines  lost  loss 
than  20%,  while  others  showed  a  decline  of  almost  80%.  The 
first-generation  lines  in  this  same  nursery  were  slightly 
less  than  70%  as  vigorous  as  their  parents. 

Over_  7,900  bags  were  used  for  selfing  in  the  nursery 
last  summer,  with  the  greatest  share  of  them  on  inbred  plants 
or  their  parents.     Representative  plants  in  each  row  were 
bagged,  not  only  to  perpetuate  the  lino  but  also  to  measure 
roughly  the  s elf -compatibility  in  "different  plants.  Those 
data  are  not  summarized  completely,  but  it  appears,  as  in 
previous  years,  that  some  lines  will  be  lost  because  of  de- 
creased fertility,  whereas  others  may  bo  maintained  because 
of  the  high  seed-set  from  certain  individuals.     These  obser- 
vations are  being  correlated  wherever  possible  with  the  evi- 
dence cited  above  on  the  genetics  of  pseudo -self -compatibility 
and  of  self-compatibility. 
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Now  Sod  Plots.     In  the  summer  of  1940  thore  were 
selected  100  white  clover  plants,  Y;hich  appeared  to  be 
especially  vigorous  types  in  their  third  summer  of  growth. 
•They  were  of  very  diverse  origins,  34  coning  fron  the  sod- 
plugs  collected' in  the  Northeast,  14  fron  white  x  Ladino 
hybrids,  and  52  fron  foreign  introductions.     Cuttings  fron 
all  of  these  plants  were  used  to  start  sod-plots  last  spring 
in  the  sane  manner  as  that  followed  in  1938* 

Conbining  Ability  of  Sod-Plot  Selections.     Fron  the 
1938  whito  clover  sod  plots^  there  .were  selected  10  good, 
10  r.icdiun,  and  10  poor  yielding  individuals.    'The  good 
plants'were  diallely  crossed,  and  the  nediun  and  poor 
plants  were  chain-crossed  in  the  greenhouse.     The  resultant 
seedlings  were  spaced  out  in  snail  plots  for  clipping*  Duo 
to  loss  fron  damping  off,  however,  not  all  combinations 
were  obtained  so  that  a  further  attempt  to  obtain  additional 
seed  was  nado  last  summer*  and  another  attenpt  is  being  made 
this  winter* 

Ladino  Clover  Collections.     In  1940,  Ladino  seed 
heads  were  collected  in  pastures  throughout  the  Northeast. 
Five  seedlings  were  grown  from  each  of  tho  10  to  20  heads 
collected  in  each  of  22  fields.     This  natorial  will  bo 
used  for  a  survoy  of  variability  and  as  a  source  of  breed- 
ing natorial.    Tho  only  notes  takoii  so  far  were  on  the  dam- 
age fron  a  !<3>$fh£pper  infestation*    Not  a  plant  of  Ladino 
was  conpletoly  free  fron  injury,  whereas  white  clover  grow- 
ing adjacent  was  not  at  all  visibly  damaged* 

Genetical  Studios  in  Trif:>liun  rcpens 


Marker  Genes.     Of  the  several  loaf  markings  reported 
on  pro vi jusly,  tfte  only  one  investigated  further  this  past 
year  was  the  purple  leaf  character.     Thirty-one  F£  plants, 
all  showing  tho  dominant  purple  color,  wore  backer ossed  to 
their  recessive  solid  green  parent*     Progenies  fron  19 
plants  segregated,  giving  a  total  of  519  purple  seedlings 
and  530  greens.     The  other  12  Fg  individuals  proved  homo- 
zygous for  purple,  since  all  553  of  their  progeny  were 
purple. 

Studies  wore  also  begun  with  several  nature  plant 
markers*     Intercrosses  wore  made  in  F-,  populations  in- 
volving (1)  supernumerary  leaflets;   (2)  a  yellowing  of  the 
flowers,  due  to  drying  at  tho  petal  edge;  (3)  two  differ- 
ent lines  with  red  flowers;  and  (4)  two  different  lines 
with  "unopened  petals."    Damping-off  hero  again  restricted 
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the  field  planting,  but  Fg  and;  backcross  generations  were 
sot '  out  wherever  .available.    All  characters-  appeared  reces- 
sive in  _the- F]_  except  for  one  line  of  the  red  flowers, 
which- gave  sorie  _ pinks  in  the  F]_,  and  one  line  of  unopened 
petals- /gave  an  F-^  with  this  abnormality  completely  doni- 
•nant.     In  the  latter  case,  the  Fi  plants  varied  fron  a  con- 
dition of  complete  blasting  of  the  head  to  one 'where  very 
snail  peta  Is  were  visible.     The  abortion  of  star-ions  and 
pistils,  however,  was  so  complete  on  all  of  these  plants 
that  no  seed  was  obtained,-- 

■;  HON  Tests  of  Inbred  Lines  and  Crosses.  Previously, 
(1940  Annual  Report,  pa^e  2.7)  the  Fg  and  backcross  results 
of  the  HCN  study  were  described,  and  it  wa  s  stated  that 
they  appeared  to  c^nfirn  the  single  factor  hypothesis  pro- 
posed by  Wiilians,  although  considerable  deviation  fron  ex- 
pected ratios -was  obtained.    Within  the  past  year,  however, 
there  has  appeared  fron  New  Zealand  published  work  which 
describes  plants  which  nay  be* lacking  in  the  onzyne,  the 
gluposide,  or  both.     Using  an  onzyne  end  a  glucosido  pro- 
pared,  according  to  the  New  Zealand  directions,  a  sinilar 
situation  w  as  found  in  the  plants  studied  in  the  nursery 
this  past  summer.     These  individuals  had  resulted  fron 
backcrossin;:  to  their  ^ririnal  a  cyan  o  genetic  parent  22 
F2  plants,  which  had  been  selected  because  they  all  gave  a 
4  (hi oh  HCN)  reaction  like  their  nale  parent.    Yvhen  those 
backcrossod  plants  were  first  tested,  without  the  addition 
of  either  glucosido  or  onzyne,  the  segregations  wore  very 
irregular,  and  only  one  of  the  22  F2  plants  appeared  to  be 
breeding  true  for  HCN.     The  tests  were  then  repeated  with 
the  onzyne  being  added,  and  nany  plants  which  had  previously 
tested  0  gave  a  5  .or  4  reaction.    According  to  the.  new 
classification,  six  Fg  plants  continued  to  show  segregation 
sinilar  to  that  formerly  obtained  (73:39  instead  of  75:37), 

nine  other  Fg  plants  changed  in  the  proportion  of  0  plants 
but  still  showed  a  definite  segregation  (106:78  instead  of 
63:121),  and  the  renaining  seven  plants  appeared  homozygous 
(136  +  instead  of  124:62)".     In  contrast  with  this,  fow 
definite  results  were  obtained  by  adding  tfre  glucosido, 
probably  because  the  preparation  used  was  not  sufficiently 
concentrated.     It* is  evident  fron  these  results  that  the 

^2  population  was  segregating  not  only  for  the  Ac/ac  pair 
of  factors  but  also  for  a  gene  conditioning  enzyne  develop- 
ment.    Since  . there  was  no  good  way  of  retcsting  the  Fg, 
another  cross  has  been  nade,  using  as  one  parent  an  Fg 
plant  honozygous  for  both  enzyne  and  glucosido  and  as  the 
other  an  F3  individual  having  neither  enzyne  or  glucosido. 


There  were  also  tested  in  the  f  ield  last  sunner  10 
first-generation  and  12  second-generation  inbred/1  lines, 
all  of  whoso  parents  had  shown  a  positive  test  for  HCN. 
Segregation  was  observed  in  19  of  tho  lines,  While  the 
other  throo  appeared  to  bo  breeding  true.    As  in  previous 
tests  of  inbrods,  considerable  deviation  was  observed  in 
the  anount  of  color  in  the  "positive"  tests,  possibly  in- 
dicating the  segregation  of    definite  nodifying  factors. 

Inheritance  of  Rust  Resistance.     Described  in  last 
yearTs  Report  (1940  Annual  Report,  pago  28)  is  the  field 
planting, t on  which  notes  wore  taken  this  past  sunner  to 
study  the  inheritance  of  rust  resistance,     A  severe  and 
unifora  epiphytotic  was  obtained        that  classification 
of  the  plants  appeared  quite  certain.    About  100  clones 
fron  each  of  tho  four  parents  were  grown,  and  in  every 
case  tho  classification  throughout  was  identical  with  the 
readings  obtained  on  these  plants  in  previous  years.  Fron 
14  to  30  additional  first-generation  inbrods  fron  each  of 
the  four  parents  were  also  clo*ssified,  and  -in  every  case 
the  progenies  were  uniforu  throughout,     Tho  parents,  as 
in  the  1938-39  nursery,  socr.iod  to  be  brooding  true  for  re- 
sistance or  susceptibility.     In  contrast  with  this  evidence, 
among  F^  plants  there  was  variation  fron  conplote  resistance 
to  conplote  susceptibility.     Tho  different  crosses  varied 
fron  about  one-sixth  of  tho  plants  resistant  to  over  half 
resistant.     The 'grand  total  for  tho       wa  s  67  resistant  and 
140  susceptible.     Likewise,  the  F2  generation,  which  re- 
sulted fron  intercrossing  F]_  plants,  varied  fron  conpleto 
resistance  to  conplote  susceptibility.     In  sone  crosses  tho 
ratios  between  resistant  and  susceptible  plants  v/orc  about 
1:1,  whereas  in  others  they  approached  1:2,     For  tho  entire 
Fg  population  tho  ratio  of  resistant  to  susceptible  was 
250:329.     Each  of  tho  F]_  plants  used  as  iixiediatc  parents 
of  the  F2  was  also  backcrossed  to  its  resistant  parent. 
The  resulting  population  was  shifted  considerably  towards 
resistance,  tho  ratio  being  333  resistant  to  276  susceptible 
No  factorial  explanation  for  these  results  can  bo  formulated 
at  present.     To  obtain  further  evidence,  40  Fg  plants  vary- 
ing in  anount  of  rust  were  selected,  and  they  will  be  back- 
crossed  to  both  parents  this  winter, 

CytDlogical  Studies  •  . 

Studies  on  the  regularity  of  pairing  and  disjunction 
in  tho  riicrosporocytes  of  64-chr  ones  one  pi  carts  of  white 
clover  have  been  continued.     The  data  are  not  conpleto  for 
all  plants,  but  it  k  evident  that  quadrivalent s  aro  ferae d 
in  all  olants  exanined. 


33 


A  number  of  tri sonic  plants  wore-  found  among  the 
open-pollinated  offspring  of  the  triploid  rod  clover «  More 
seedlings  are  being  grown  this  winter  for  cytological 
analysi s • 

Four  triploid  alsike  clover  plants  were  obtained 
fron  the  -In  x  2n  cross,     Open-pollinatod  seed  was  obtained 
on  these  plants  last  summer,  and  some  of  it  has  been 
started  for  cytological  analysis. 

The  studios  with  the  tri sonic  plants  of  sweet  clover 
have  been  continued. 

PHYSIOLOGY  AND  COMPOSITION  OF  PASTURE  PIANTS 

Effect  of  Temperature  on  Gemination  and 
Early  Seedling  Establishment 

In  tho  fall  of  1941  an  experinent  was  begun  in  the 
environmental  control  chambers  (soe  pares  2-3  and  figure  I) 
to  study  the  effect  of  tenporature  and  daylength  on  gemi- 
nation  and  early  seedling  establishnent  of  pasture  species, 
including  Sudan  grass,  orchard  grass,  meadow  fescue,  brone- 
grass,  Kentucky  bluegrass,  timothy,  colonial  bent  grass, 
and  Ladino  clover.     Tho  complete  experiment  will  include 
seeds  planted  and  grown  at  alternating  tenporature s  of 
40-55°  F.,  55°-70°"~F.,  70°-85°  F.a  and  85°-100°  F.  The 
soil  temperatures  will  be  naintained  tho  sano  as  the  air 
temperatures  and  the  relative  humidities  will  bo  regulated 
so  that  tho  sane  vapor  pressure  deficit  will  prevail  under 
all  temperatures.     The  control  cans  will  bo  so  cut  that  the 
maximum  and  minimum  temperatures  will  be  maintained  for 
four  hours  each  and  eight  hours  will  be  allowed  for  tho 
transition.     This  places  the  moan  temperatures  for  the 
series  at  47.5°,  62.5°,  77. 5°,  and  92.5°  F.     One  series 
of  the  .above  temperatures  will  be  grown  unclor  a  16-hour 
day  and  another  under  a  9-hour  day,  with  the  illumina- 
tion coinciding  with  the  maximum  temperatures.  Fifty 
plump  seeds  of  each  species  will  be  planted  in  each  pot 
and  allowed  to  geminate*     Pots  of  each  species  will  bo 
removed  2,  4,  and  6  weeks  after  the  emergence  of  tho  first 
seedling  and  measurements  taken  of  the  number  of  seeds 
germinated,  the  number  and  height  of  loaves,  tho  length 
of  roots,  and  total  dry  weight  of  roots  and  tops. 

The  results  at  the  two  higher  temperatures,  viz., 
70°-85°  F.  and  85°  -100°  F.f  have"  boon  obtained  .and  are 
presented  in  this  Report.     Tho  two  lower  temperatures 
have  not  yet  been  completed.   (See  figure  2  showing  growth 
of  Sudan  and  orchard  grass  at  hi  •■her  tomoeraturcs )  • 


Fig.  2.    Plants  six  weeks  after  ser.il nation  grown  under 
controlled  temperatures  and  daylengths.  The 
cultures  grown  at  85-100°  F.  and  under  a  16- 
hour  day  are  not  shown.    Under  such  conditions 
the  growth  of  Sudan  ^rass  was  greater  than  at 
70-85°  ?.  under  a  9-hour  day,  but  the  orchard 
grass  v/as  killed. 


Table  2.  The  percentage  gemination  obtained  under  dif- 
ferent temperatures  and  day lengths  (average  of 
6  replications). 


:        8 5-100 0  F.  s 

:        70-35°  F.  — 

Species  used 

: 16-hr, day : 

: 9 -hr • day : 

16-hr • day ■ 

9-hr .day 

:        %  , 

a/ 

Jo 

...  ..... 

r  % 

Sudan  grass 

:      77.6  : 

:     80.9  ; 

:       73.6  < 

:  79.6 

Br one  grass  j 

:      47.6  : 

;  83. 9  ! 

:      92,2  j 

:  90.2 

Ladino  clover  j 

:  4.6 

:  17.6  j 

:       76.6  : 

:  74.6 

Timothy  j 

!  7.0 

:  39.9  : 

i      72.6  j 

:  74.3 

Meadow  fescue  : 

:      54 . 6  < 

:  88.9  ! 

90.6-  . 

!  94.6 

Orchard  grass 

:      11.9  ; 

:  32,9 

!       58.3  : 

:  62.6 

Kentucky  bluegrass 

:          0  ! 

:       0  : 

:       12,6  < 

:  17,3 

Colonial  bent  grass 

:          0  : 

:       0  : 

:       22.6  : 

•  21.3 

It  is  evident  that  the  percent  germination,  of  all 
species  except  Sudan  grass  is  reduced  by  temperatures  of 
85°-100°  F.     The  reason  for  the  lower  gemination  under  a 
16-hour  day  compared  to  a  9-hour  day  at  the  high  tempera- 
ture has  not  been  determined  but  it  is  probable  that  the 
illumination  increased  the  soil  temperature  slightly  above 
the  controlled  setting  and  that  under  a  16-hour  day  this 
increase  in  temperature  persisted  for  a  longor  time.  In- 
asmuch as  the  temperature  of  85°-100°  F.  is  critical,  a 
slight  increase  above  this  point  or  its  continuance  for  a 
slightly  longor  period  may  account  for  a  higher  mortality. 
Even  though  bromo  grass  and  meadow  fescue  germinated  about 
50%  at  the  high  temperature  and  long-day  conditions,  they 
did  not  grow  and  most  of  them  wore  dead  at  the  end  of  six 
weeks.     Kentucky  bluegrass  and  colonial  bent  grass  are 
especially  sensitive  to  high  temperatures,  showing  a  poor 
germination  oven  at  70-85°  F, 

It  is  apparent  from  table  3  that  temperatures  of 
85-100°  F.  are  extremely  unfavorable  for  tho  growth  of  all 
the  species  used  except  Sudan  grass,  most  of  them  producing 
no  growth  under  a  16-hour  day  and  very  limited  growth  under 
a  9-hour  day.    As  mentioned  above  in  the  discussion  of  ger- 
mination, the  cause  for  the  decrease  under  a  16-hour  day 
has  not  been  determined  but  it  is  probable  that  the  in- 
creased light  may  have  increased  the  temperature  and  also 
its  duration  under  conditions  which  were  alroadv  critical. 
Even  at  70-85°  F.  the  growth  of  Kentucky  bluegrass  and 
colonial  bent  grass  seems  to  be  seriously  inhibited. 
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Table  3,     The  amount  of  root  and  top  growth  produced  in 

six  weeks  at  the  two  higher  temperatures  and  at 
two  day 1 en gth s • 


Average  yield  per  plant  6  wks 


85-100^  F. 


after  emergence 


: 16-hr , day 

:9-hr.day ; 

16-hr . day - 

: 9 -hr . day 

Sudan 
gr  as  s 

:Tops,  ngs. 

*  T?  O  O  "l~  <3       n  tc.  * 

sRoot/top  ratio 

:     120.3  : 

44  1 
:  0.366< 

:  56.0 

1  0  75 
0.192. 

:     122.1  - 

56  1 
:  0.459: 

i  87.05 
-  31.9 

!  0.366 

Brono  « 
gr  ass 

-Tops,  ngs.  j 

iKOOtS,  mgS. 

:Root/top  ratio: 

f        tr  j 

;  4,74 

r\  on 

:  U.oy 
:  0.188' 

;  28.41 
:      lb.  11 

:  0,532' 

;  13.69 

A  OP. 
J       4;.  CD 

:  0.310 

Ladino 

: Tops',  ngs.  : 
:Root/top  ratio: 

i  0 

:  0 

I        u  : 

:.  20.84 
;          o  •  do 
:  0.270: 

:  3.75 

',       U  .  o  C 

:  0.218 

Orchard  : 
grass  « 

:Tops,  ngs.  ; 
kRoots,  ngs.  3 
Root/top  ratio: 

:  0 

:  1.35 
L      0.24  j 
0.177: 

5  19.26 
;        7.60  j 
:  0.395: 

:  5.05 
;  1.23 
:  0.244 

Timothy  ; 

Tods.  ncs.  * 
:Roots,  ngs.  : 
■Root/top  ratio: 

:        0  j 
:        0  : 

:  0.656: 
:  0.129: 
:  0.196« 

i  6.672' 
:  2.163: 
:  0.324' 

i  2.975 
!  0.630 
:  0.212 

Meadow  ■ 
fescue  ; 

.Tops,  ngs.  ; 
Roots, .ngs.  ; 
:Root/top  ratio : 

0  j 

:      1.69  , 
:      0.20  : 
;  0,118: 

26.6  : 
11.04  : 

:  0.415: 

i  8.39 
:  1.96 
:  0.233 

Kentucky ; 
blue-  . 

grass  : 

Tops,  ngs.  ! 
Roots,  ngs. 
Root/top  ratio: 

0  : 
0 

:        0  : 
:        0  : 

4.86  : 
:        1»48  : 
i     .  0.304: 

:  1.88 

0.393 
:  0.209 

Colonial • 
bent 

Tops,  ngs.  : 
.Roots,  mgs.  : 
Root/top  ratio  j 

:        0  : 

'  0  ! 

:        0  : 
0  j 

!.  3.975« 
1.162: 
:  0.292- 

!  0.786 
0.219 
0.279 

70-85*  Fo 


The  relationships  between  temperature,  daylength,  and 
the  root-top  ratios  are  interesting.     In  all  cases,  the  ratio 
is  decreased  by  the  shorter  daylength  and  is  similarly  de- 
creased by  an  increase  in  temperature. 


The  growth  rates  for  the  various  species  obtained 
by  plotting  the  increase  in  total  dry  natter  produced  under 
70-85°  F.  and  a  16 -hour  day  at  intervals  of  2,  4,  and  6 
weeks  indicate  the  definite  exponential  curve  usually  ob- 
tained.    Under  the  less  favorable  conditions  the  curve 
tended  to  flatten  and  under  8 5-100 c  F.  and  a  9 -hour  day; 
it  'be cane  alnqst  a  straight  line  .in  all  cases  except 
Sudan  grass • 

Effect  of  Supplementary  Light  on  Flower  and  Seed 
Production  in  Trif oliun  repens 

The  question  has  arisen  as  to  the  value  of  con- 
tinuing supplementary  lighting  to-  increase  the  day length 
once  floral  prinordia  have  been  initiated.     The  experiment 
outlined  below, 'was  conducted.,  to  determine  tho  effect  of 
continuing  supplementary  illumination  for  different  lengths 
of  tine  after  flowering  had  been  initiated. 

Seven  series  of  white  clover  plants  were  established 
under  a  long  day  and  each  shifted. to  normal  day length  at 
one  of  the  following  periods:     (1)    when  floral  prinordia 
could  first  be. detected  by  dissection, . (2)  when  buds  first 
appeared  externally,   (3)  at  pollination,   (4)  one  week  after 
pollination,   (o)  two  weeks  after  pollination,   (6)  three 
weeks  after  pollination,  and  (7)  four  weeks. after  pollina- 
tion, which  was  at  the  time  the  seed  was  harvested.  Tho 
approximate  duration  of  .the  long  day  for  tho  seven  treat- 
ments was  3,  5,  7,  8,  95  10,  and  11  weeks,  respectively. 
Enough  supplementary  light  was  added  during  this  .period  by 
100-watt  Mazda  lamps  to  .extend  the  "day"  to.  approximately 
17  hours  and  to  provide  about  75  foot-candles  at  the  soil 
surface.    Within  each  treatment  were  included  three  pots 
of  each  of  two  cross -compatible  plants,  which  had  been 
shown"  in  previous  studies  to  flower  well  under  a  17-hour 
day.  '  Each  of  the  seven  .treatments  were  carried  out  in  two 
greenhouse  sections,  one.  held  at  about  60°  Fe  night  - 
temperature  and  the  other  at  about  70° .     Pollinations  were 
carried  out  only  in  the  70*  section.     The  two  plants  within 
each  treatment  were  crossed  reciprocally,  using  eight  heads 
per  plant.     The  resultant  seedlings  were  germinated  in 
sterile  sand  to  observe  seedling  viability. 

The  total  number  of  flower  heads  wore  counted  for 
each  pot.     In  general,  the  greatest  increases  in  number 
of  flower  heads  produced  in  relation  to  the  duration  of 
the  long  day  occurred  up  to  the  tine  of  pollination. 
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At  the  70°  F.  temperature,  the  number  of  heads  increased 
for  one  clone  from  77  for  treatment  (1)  to  103  for  treat- 
ment (3).     The  heads  Dn  the  other  clone  increased  from 
166  to  224  for  tho  same  treatments.    While  there  was  a 
further  increase  in  number  of  heads  with  increased  duration 
of  tho  long-day ~ conditions,  this  increase  is  probably  of 
limited  value  in  greenhouse  techniques.     Since  one  clone  pro 
duccd  over  twice  as  many  heads  as  the  other,  the  results 
from  the  two  clones  wore  analyzed  separately.     In  the  case 
of  one  clone,  tho  variance. .between  treatments  exceeded  tho 
b%  point  only  at  the  70°  temperature,  while  the  variance 
between  temperatures  exceeded  tho  1%  point.    T'ith  tho  other 
clone,  the  variances  :botwe en  treatments  as  well  as  tempera- 
ture exceeded  the  1%  level  of  significance. 

Whilo  no  difference  in  size  or  plumpness  of  soed  was 
dotectod  by  observation,  careful  weighing  of  the  soed  indi- 
cated a  slight  increase  in  weight  from  0.67  mgm.  of  seed 
produced  under  treatment  (1)  to  0.77  mgm.  of  seed  produced 
under  treatment  (7)  from  one  clone  and  from  0.57  to  0.62 
mgm.  of  soed  for  the  other.     Statistical  analyses  of  these 
data  indicated  a  significance  exceeding  tho  5%  point  for 
light  treatments  and  exceeding  the  1%  point  for  reciprocal 
crosses.     This  suggests  that  while  the  size  of  seed  increase 
with  duration  of  the  photoperiod,  it  has  little  practical 
significance  since  the  size  of  seed  produced  by  different 
plants  exceeds  tho  difference  duo  to  treatments . 

The  results  of  the  gemination  studies  indicated 
little  if  any  practical  significance  to  differences  between 
light  treatments.     For  the  seedlings  the  differences  be- 
tween plants  exceeded  the  difference  between  treatments. 
Statistical  analysis  of  the  data  on  9-day  Did  seedlings 
indicated  a  variance  for  interaction  of  crosses  and  treat- 
ments exceeding  the  b%- level  of  significance,  but  the  vari- 
ance for  treatments  did  not  attain  this  level.     The  stand 
at  three  weeks  showed  a  variance  exceeding  tho  5%  level  of 
significance  for  both  crosses  and  treatments. 

It  is  concluded  from  the  above  data  that  it  would 
usually  be  advisable  to  maintain  the  plants  under  a  long 
day  until  the  time  of  pollination,  but  that  tho  increase 
in  number  of  heads  produced  or  any  increase  in  weight  of 
seed  is  not  sufficient  to  warrant  the  c;>st  of  continuing 
the  long-day  conditions  beyond  this  tine. 
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The  Effect  of  Several  Pretreatments  on  Heading 

During  the  winter  of  1940-41,   studies  were  continued 
to  determine  the  effectiveness,  of  different  pretreatments 
in  promoting  heading  of  orchard  grass  (1938,  1939,  and  1940 
Annual  Reports),     The  heading  abilities  of  the  .six  clones 
of  orchard  grass  used  were  known  to  range  from  no  heading 
under  a  normal  winter  day  (9  to  10  hours  of  daylight)  in 
the  greenhouse  to  heading  under  ,a  12 -hour  day  as  well  as 
a  16-hour  day.    Material  from  these  clones  was  started  in 
gravel  cultures  at  various  intervals  during -November  and 
December  so.  that  all  clones  would  be  subjected  to  the  same 
environmental  conditions  during  the  heading,  trials.  The 
pretreatments  involved  varying  the  length  of  time  at  which 
plants  were  allowed  to  grow  under  a  short  day  (.9  hours) 
and  the  duration  of  a  subsequent  cold  treatment  (at  +1 
in  darkness)..    The  pretreatments  were  as  follows: 

Weeks  under  short  day      Weeks  in  cold  room 

10  .  7 

.    .             10  4 

10  0 

...                       7  7 

7  4 

7  C 

0  0 

At  the  termination  of  the  pretreatment  period 
the  plants  were  grown  under  daylengths  of  10,  12,  16,  and 
20  hours,  and  the  heading  date  and  number  of  heads  recorded. 
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A  summary  of  the  results  follows: 

1.  No  heading  was  obtained  on  any  clone  which 
had  not  been  previously  subjected  to  a  short 
day  o 

2.  Increasing  the  length  of  the  pretreatme nt 
growth  period  at  short  day  increased  the 
number  of  heads  produced. 

3.  Increasing  the  duration  of  the  cold  treat- 
ment also  increased  the  number  of  heads 
produced,  particularly  at  the  longer  period 
of  growth  under  short  days0 

4.  An  increase  in  daylength  from  16  hours  to 
20  hours  did  not  consistently  increase  the 
number  of  heads  produced.     In  some  cases  it 
actually  decreased  the  number  of  heads. 
Plants  receiving  a  20-hour  day  headed  several 
days  sooner  than  those  receiving  16  hours. 

5.  Only  a  few  plants  headed  under  a  12-hour  day 
and  those  were  from  clones  which  had  pre- 
viously headed  under  this  daylength. 

6.  No  heading  was  observed  at  a  photoperiod  of 
10  hours. 

7.  None  of  the  protroatment s  used  was  effec- 
tive in  inducing  two  of  the  clones  to  head 
which  in  previous  trials  had  not  headed  in 
the  greenhouse. 
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Growth  Interactions  of  Dactylis . glomcrata  and 
Trif olium  repens,  varT  la tun 


During  the  summer  of  1941  a  greenhouse  experi- 
ment was  conducted  to  determine  the  effect  of  four  clones 
of  orchard  grass  on  the  growth  of  plants  from  a  commer- 
cial lot  of  Ladino  clover  and  also  the  effect  of  the 
Ladino  on  the  growth  of  the  orchard  grass.     The  four 
clones  of  orchard  grass  used  wore  selected  on  the  basis 
of  their  behavior  in  field  plots.     Two  of  the  clones  had 
allowed  the  Ladino  clover  to  grow  well  in  association 
with  them,  while  the  other  two  clones  almost  prohibited 
the  growth  of  the  clover.     The  morphological  habits  of  the 
orchard  grass  did  not  seem  to  be  the  causal  factor  for 
this  difference. 

All  material  was  grown  in  gravel  cultures  sup- 
plied with  a  well-balanced  nutrient. 

The  cultures  Wore  so  arranged  that  one  series  of 
orchard  grass  and  Ladino  clover  was  supplied  with  nutrient 
from  separate  sources  while  in  the  other  series  the  samo 
nutrient  was  in  contact  with  tho  roots  of  both  species. 
This  allowed  a  comparison  which  would  indicate  whether  tho 
orchard  grass  or  clover  released  anything  during  growth 
which  inhibited  the  growth  of  the  other.     The  nutrient  was 
not  changed  during  tho  course  of  the  experiment  in  order 
to  allow  any  substances  given  off  by  the  plants  to  accumu- 
late,.   Water  was  added  to  replace  losses  by  transpiration 
and  the  concentration  of  tho  minora!  constituents  and  nitro- 
gen was  maintained  by  analyzing  the  solution  every  two  woeks 
and  adding  the  required  amounts  of  stock  solutions. 

The  plants  were  grown  during  Juno,  July,  and 
August  at  a  time  when  greenhouse  temperatures  were  high  and 
not  particularly  favorable  for  growth  of  either  species. 
Clippings  were  made  at  about  monthly  intervals  at  a  height 
of  l-l/2  inches  and  dry  weights  recorded.    At  the  last 
clipping  date  the  cultures  were  broken  up  and  the  dry 
weights  of  roots  and  stolons  or  stubble  were  determined. 

The  results  of  this  experiment  may  be  summarized 
as  follows:  : 

1.     The  yield  of  clover  supplied  with  nutrient 
"from  the  same  bottle  as  that  which  supplied 
two  of  the  grass  clones  was  similar  to  'that 
obtained  when  the  nutrient  was  supplied  from 
individual  nutrient  bottles.     Two  other  grass 
clones  slightly  reduced  the  clover  yield. 
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2.     The  yields  of  the  clones  of  grass  when  sup- 
plied with  nutrient  from  individual  bottles 
as  compared  to  the  same  clone  supplied  from 
bottles  also  supplying  the  clover  were  in 
three  cases  about  the  same,  but  yield  of  the 
fourth  grass  clone  was  reduced ■ 


3.  Root  and  stubble  or  stolon  weights  were  in 
relationships  similar  to  the  top  growth. 

4.  No  definite  indication  of  harmful  substances 
given  off  by  the  roots  of  either  plant  was 
demonstrated,  although  one  clone  of  orchard  grass 
suggested  such  a  relationship. 

5.  The  growth  responses  in  the  greenhouse  of  two 
of  the  orchard  grass  clones  coincided  with 
their  field  behavior;  the  other  two  wore  in- 
conclusive or  opposite  in  reaction. 

The  Effect  of  Doubling  the  Number  of  Chromosomes  in 
Trifoliura  rooons  upon  the  Chemical  Composition. 
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Additional  analyses  wore  made  upon  samples  of  whito 
clover  plants,  grown  from  32-  and  64 -chrome  some  slips  in  the 
field  during  1940  (1940  Annual  Report,  page  35). 

Increasing  the  number  of  chromosomes  lowered  the 
crude  fibor  content.     The  difference  was  highly  significant 
statistically.     The  complete  data  have  been  summarized  in 
table  4„ 


Table  4 


The  effect  of  doubling  the  number 


o 


on  the  chemical  composition  o: 
age  analyses  of  10  clones. 


of  chromosomes 
white  clover.  Aver- 


No  •'  o  1  c  h  r  omo  s  ome  s 

( -       n  "  J 

32  j 

64 

July  ,1940 
Moisture,— In'  %  of  fro 

sh  wt.  , 

s  75.73  ! 

:  76.39 

Total  N,  in  %  of  dry  ■ 

art.  : 

:     3.73  ; 

3.78  : 

Ash,            "  "     "  » 

ii  t 

13.85 

•  14.07  : 

Fat,            "  "     "  » 

tt 

2.04  : 

2.11  : 

Fiber,         "  "     »  " 

n  t 

13.58  ; 

12.97  : 

N-free  extract,"  " 

ti 

:  47.17  : 

47.30  : 

Carotene,  p. p.m.,  dry 
Sopt.  1S40 

wt.  1 

416  : 

409  : 

Carotene,  p. p.m.,  dry 

wt  • 

:403 

:371  : 

value  for 
difference 


2.77 
1.49 

.90 

.18 
29.05** 

.23 

.34 

4.91* 


*  S  l  fmi  fie  ant 


"**Highly  signi  fTc  ant" 
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The  Effect  of  Loaf  Rust  /Uromyces  trifolii  trifolii- 
repentis  (Liro)  Arth^/  upon  tho  Chemical 
Composition  of  Trif oliuia  repens 

Additional  analyses  havo  boon  made  upon  rusted  and 
rust-free  plants  of  white  clover  collected  in  the  field 
during  1940  (1940  Annual  Report,  pages  41-45). 

Rusted  plants  were  higher  in  crude  fat,  lov/cr  in 
crude  fiber  and  in  nitrogen-free  extract  than  rust-free 
plants  of  the  sane  clones  which  had  boon  protected  With 
sulfur.     The  effect  of  sulfur  upon  rust-resistant  clones 
has  been  to  decrease  the  fat,  and  increase  the  fiber  and 
the  nitrogen-free  extract.     The  comparison  of  rusted 
plants  with  rust-free  plants  v/hich  had  been  treated  with 
sulfur  is,  therefore,  complicated  by  tho  effect  of  tho 
sulfur  raid  the  significance  of  the  effect  of  tho  rust  is 
rendered  doubtful  for  tho  above,  constituents. 

In  a  comparison  of  heavily  rusted,  lightly  rusted, 
and  rust-free  loavos  from  the  same  plant  (no  sulfur  present) 
all  the  rusted  leaves  are  higher  in  fat,  fiber,  and  nitro- 
gcii-frcc  extract  and  loader  in  crude  protein  than  the  rust- 
free  loaves.    All  the  differences  are  highly  significant 
statistically. 

Carbohydrato  Lietabclism  of  Grasses 

The  carbohydrato  changes  in  tho  roots  and  stubblo 
of  perennial  ryegrass  vraro  studied  in  relation  to  the  re- 
generation of  growth  after  defoliation.     After  plants  were 
well -established,  in  gravel  cultures,  thoy  wore  clipped  at 
1.5'  inches  from  the  ground  level.     Ono  scries  of  plants 
were  allowed    to  recover  in  the  greenhouse  and  a  duplicate 
series  were  placod  in  complete  darkness  and  the  temperature 

maintained  at  17°  C.     Entire  plants  were  harvested  from 
both  series  at  the  time  of  clipping  and  thereafter  at  in- 
tervals of  1,  2,  4,  7,  11,  16,  22,  28,  and  36  days,  at 
v/hich  times  roots  and  stubble  wore  takon  for  chemical 
analysis  and  yields  of  total  dry  matter.     Only  oven-dry 
weights  wore  obtained  of  the  nor/  top  growth  produced  after 
clipping. 

The  average  dry  weight  of  the  roots  per  pot  of  tho 
series  recovering-  in  the  greenhouse  increased  from  20.3 

grams    at  clipping  to  28.9  grams  after  36  days.     T^o  in- 
crease in  weirht  did  not  be.'in  until  tho  fourth  day.  Tho 
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dry  weight  of  stubble  dropped  from  12,3  grams  at  the  tine 
of  clipping  to  a  minimum  of  10.7  grans  at  11  days,  thon 
increased  to  18.9  grans  at  36  days.     Nov;  growth  of  tops 
began  immediately  and  the  yield  of  dry  matter  increased 
to  11.2  grams  in  36  days. 

The  carbohydrate  content  of  the  roots  and  stubble 
decreased  rapidly  at  first  and  then  recovered.     In  the 
roots,  fructose  decreased  from  0.8%  to  0.2%  in  10  days, 
then  increased  to  0.4%  at  28  days;  glucose  never  exceeded 
0.3%;   sucrose  decreased  from  1.7%  to  a  minimum  of  0.7%  at 
four  days,  began  to  increase  rapidly  at  16  days  and  reached 
2.7%  at  28  days.     All  the  sugars  decreased  between  28  and 
36  days  in  proportion  to  the  amount  present.    Alcohol - 
insoluble  fructosans  decreased  from  1*9%  to  a  minimum  of 
0.6%  at  10  days,  increased  to  2.0%  at  28  days,  then  re- 
mained at  the  same  level. 

The  stubble  was  considerably  higher  than  the 
roots  in  all  forms  of  carbohydrate.     Fructose  decreased 
from  1.8%  to  a  minimum  of  0.8%  at  11  days.     It  did  not 
recover  thereafter „     Glucose  decreased  from  2.0%  to 
0.8%  at  7  days,  increased  to  1.9%  at  28  days,  followed 
by  a  decrease.     Sucrose  rapidly  fell  from  3.3%  to  1.6% 
at  7  days,  rose  to  a  maximum  of  3.6%  at  28  days  and  de- 
creased.    Fructosans  of  the  stubble  began  at  15.0%,  dropped 
to  2.5%  at  11  days,  began  rising  at  22  days,  and  were  still 
rising  at  36  days  at  9.6%. 

The  dry  weights  of  the  roots  and  stubble  of  the 
plants  placed  in  a  dark  room  immediately  after  the  origi- 
nal clipping  decreased  in  weight  to  a  minimum  of  13.8 
grams  for  the  roots  and  6.0  grams  for  the  stubble  after 
36  days.     The  plants  had  died  by  the  time  the  last  har- 
vest was  made.     The  rate  of  top  growth  was  as  rapid  as 
for  the  plants  in  the  light  for  the  first  4  days  but  not 
thereafter.    A  maximum  yield  of  tops  was  2.9  grams  at  22 
days.     The  carbohydrate  content  of  the  darkened  plants 
decreased  rapidly  and  did  not  recover,  all  fractions 
reaching  negligible  levels  after  36  days. 

From  these  incomplete  data  it  is  apparent  that, 
during  the  period  of  regeneration  of  top  growth  which 
began  immediately  following  clipping,  the  carbohydrate 
contents  of  the  roots  and  stubble  underwent  a  consider- 
able decrease  for  a  period  of  about  10  days.  Thereafter 


re  storage  of  carbohydrates  occurred.     The  total  dry  weight 
of  the  roots  did  not  fall  below  their  original  value;  that 
of  the  stubble  did,  but  soon  recovered.     Considerably  more 
carbohydrate  was  present  at  all  tines  in  the  stubble  than 
in  the  roots. 


Phosphorus  Fixation  in  Soil  as  Affected  by  Temperature 

Last  year  it  was  roported  that  increasing  the  soil 
temperature  resulted  in  a  greater  degree  of  phosphate  fixa- 
tion (1940  Annual  Report,  page  38).    A  paper  reporting  the 
results  of  those  studies  has  been  submitted  for  publication. 

This  year,  experiments  were  started  to  determine  the 
importance  of  temperature  in  relation  to: 

Phosphorus  fixation  by  various  soils 
The  rate  of  phosphorus  fixation 
The  total  amount  of  phosphorus  fixed 


The  soils  used  in  the  study  were  as  follows: 

1.  Dekalb,  unlimed 

2.  Dekalb,  limed 

3.  Dekalb  subsoil 

4.  Hagerstown,  heavily  limed 

5.  Hagerstown  subsoil 

6.  Orangeburg  soil  from  Florida 

7.  Kaolin 

These  soils  wore  fertilized  with  mono-calcium 
phosphate  at  different  rates  and  incubated  at  optimum 
moisture  content  at  (l)  3°  C.  and  (2)  40-45°  C.  The 
length  of  the  incubation  period  ranged  from  one  week  to 
17  woeks.     One  series  received  no  incubation  treatment, 
the  fertilizer  being  applied  at  planting  time. 


At  the  conclusion  of  the  incubation  period,  phos- 
phorus fixation  will  bo  determined  by  the  growth  of  Ladino 
clover  and  also  by  laboratory  methods. 


Clonal  Variations  in  the  Yields  of  Roots  and  Rhizomes 

of  Poa  pratonsis 


In  1938  plots  were  established  with  each  of  81  dif 
forent  clones  of  Kentucky  bluegrass  and  then  seeded  uni- 
formly with  white  clover.     During  1939-4-1  the  plots  were 
clipped  periodically  with  a  lawn  mower  set  to  cut  to  a 
height  of  one  inch.     Yields  of  dry  matter  were  determined 
in  1940. 
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In  the  fall  of  1941  thirteen  clones  were  selected 
for  the  determination  of  subterranean  growth.     Those  13 
clones  included  some  of  the  highest  yielding  and  some  of 
the  lowest  yielding  ones,  based  on  the  performance  during 
1940. 

A  sample  of  sod  about  6  inches  square  and  8  inches 
deep  was  taken  fron  each  plot.     Those  samples  were  sub- 
divided into  the  0-3  inch  layer  of  soil  and  the  3-8  layer. 
Each  sub-sample  was  soaked  in  water  overnight  and  the 
roots  and  rhizomes  washed  free  of  soil.     One  of  the  four 
samples  from  each  Clone  was  subdivided  into  roots  and 
rhizomes.     Since  it  was  impossible  to  wash  the  samples 
entirely  free  of  soil,  they  were  ignited  and  the  loss  of 
weight  taken  as  a  measure  of  the  yields  of  roots  and 
rhizomes. 

The  samples  fron  the  0-3  inch  depth  showed  highly 
significant  clonal  differences  in  total  'roots  plus  rhizomes. 
The  yields  (loss  on  ignition  fron  the  13  clones  ro.nged  from 
1,702  to  4,444  pounds  per  aero.     It  is  interesting  to  note 
that  the  clones  that  r<ave  the  highest  vields  of  roots  were 
the  ones  that  gave  low  yields  from  clipping,  in  1940,  Trier*? 
was  also  some  indication  of  a  negative  correlation  between 
yield  of  rhizomes  and  yields  of  clipping. 

The  differences  in  yields  of  roots  plus  rhizomes 
in  the  3-8  inch  layer  (there  were  few  rhizomes  at  this 
depth)  were  not  significant.     The  average  yield  (loss  on 
ignition)  was  about  725  pounds  per  acre. 

Clonal  Variations  in  the  Calcium  and  Phosphorus 
Contents  of  Trifolium  repens  in  Relation 

"~to*~  Environment 

Last  year  it  was  f  Dund  that  clones  of  white  clover 
which  were  relatively  high  in  percentage  calcium  or  phos- 
phorus when  grown  on  one  soil  in  the  greenhouse  were  also 
relatively  high  in  percentage  calcium  or  phosphorus  when 
grown  on  other  soils  in  the  greenhouse  (1940  Annual  Report, 
page  39), 

This  yoar?  studies  were  conducted  to  determine  if 
these  relative  differences  in  calcium  and  phosphorus  con- 
tent are  maintained  under  varying  climatic  conditions. 
The  investigations  were  conducted  on  a  fertile  Hagerstown 
soil  both  in  the  greenhouse  and  in  the  field,  using  the 
same  eight  clones  of  clover  that  were  used  last  year. 
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For  one  series  of  greenhouse . studies  cuttings  of 
the  eight  clones'  were  started  in  pots  on  Novenber  10, 
1939,  and  four  successive'  clippings  taken  from  each  pot. 
The  dates  of  sampling  were  February  9,  March  19,  April 
29,  and  May  31  ••    Fron  the  tine  the  experiment  was  started 
■until  the  latter  part  of  March,  Mazda  light  at. an  inten- 
sity of  about  100  foot-candles  was  supplied  to  increase 
the  length  of  clay  to  13  hours.     None  of  the  clones  flowered 
during  this  period. 

In  a  second  greenhouse  experiment'  these  sane  eight 
clones  were  taken  fron  the  field  and  started  in  pots  in  thfi 
greenhouse  on  July  30,  1941,     The  clover  was  harvested  on 
August  20  and  again  on  October  4,    Most  of  the  clones  woro 
flowering  in  the  field  on  July  30,  but  flowering  practically 
stopped  when  the  plants  were  taken  to  the  greenhouse. 

The  field  sanples  were  obtained  fron  plots  of  the 
pure  clones  established  during  1940.     Sanples  fron  these 
plots  were  taken  once  in  1940  and  four  tines  during  the 
season  of  1941,     The  plants  were  not  flowering  when  the 
sanples  were  taken  in  the  spring  of  1941,    At  all  other 
•sanpling  dates  most  of  the  clones  were  flowering,  but  the 
flowers  and  flower  stalks  were  not  included  in  the  sanples* 

'Sone  of  'the  data  obtained  in  this  study  are  given 
in  tables  5  and  6."    With  wide  variation  in  environmental 
conditions,  differences  ih  percentage  calciun  and  phos- 
phorus 'content  were  obtained.     Based  on  the  average  for 
■the  eight  clones  the  range  for  different  sampling  dates 
was  fron  1.56$  to  2.28%  for  calciun  and  fron  0.258$  to 
0,376$  for  phosphorus.     Ih  general,  the  sanples  fron  the 
field  were  slightly] &pwer  in.  percentage  calciun  than  those 
fron' the  greenhouse,  but  for .  percentage  phosphorus  content 
the  differences  betv/een  plants  grown  in  the  greenhouse 
and  those  grown  in  the  field  were  snail  in  comparison  with 
the  differences  aiaong  .various  sanpling  dates. 

In  general,  the  clones  that  were  high  in  percentage 
calciun  and  phosphorus  at  one  sanpling  date  tended  to  be 
hirh  in  percentage  calciun  and  ohosphorus  at  other  sanpling 
dates.     Thus,  in  each  of  the  11  conparisons  clone  No. 
15(31)  was  higher  in  percentage  calciun  than  No.  56(3), 
Similarly,  No,  33(37)  was  consistently  higher  in  phosphorus 
content  than  clone  56(104).     On  the  other    hand,   sone  clones 
were  relatively  higher  in  calciun  or  phosphorus  content  at 


one  sanpling  date  than-  at  another.     For  exanple,  under 
some  conditions  clone  No;. 15(31)  was  higher  in  percentage 
phosphorus  than  No.  56(3),  whereas  under  other  conditions 
it  was  lower.'    Sinilarly,  clone  56(104)  was  sonetiiies 
higher  in  percentage  calciun  than  No.  44(11)  and  at  other 
tines  it  was  lower.     These  latter  two  clones  are  particu- 
larly interesting  in  that  during  the  Warner  periods,  char- 
acterized by  the  cuttings  nade  on  May  31  and  August  20  in 
the  greenhouse  and  those  nade  in  June  and  July  in  the  field, 
the  calciun  content  of  the  two  clones  vra.s  about  the  sane. 
During  the  cooler  periods,   such  as  in  the  winter  in  the 
greenhouse  ..and  in  the  spring  and  fall  in  the  field,  No. 
56(104)  was  considerably  higher  in  calciun  than  No.  44(11). 

Table  5.     The  calciun  content  of  different  clones  of  white 
clover  at  various  tines  during  the  year,  both 
in  the  greenhouse  and  in  the  field. 


Source 

of  .1 
sanple  \ 

:  Date 

of    .  : 
!  sa^bliii/r; 

Percentage  Calciun' 

: Clono 
{15(31) 

: Clone : 
:56(3) : 

Clone  j 
56(104) ; 

•Clone 
44(11) 

> . 

:  Av.  of 

;8  clones 

Greenhouse , 

:Feb.  9,1940; 

:  2.37 

•  o 
m  « 

:  1.67: 

2.22  « 

:  1.75  : 

:  1.89 

:Mar.l9,1940 

:  2.25 

:  1.47: 

1.96  .. 

;  1.55 

:  1.74 

{Apr. 29, 1940 

:  2.39 

:  1.64: 

2.25.  : 

:  1.91 

!  1.98 

:May  31,1940 

•  3.04 

:  1.93: 

2.37  •  < 

:  2.43 

:  2.28 

;Aug.20,1941; 

:  2.12 

:  1.72: 

1.84  - 

:  1.89 

{  1.92 

{Oct.  4,1941 

:   2 . 19 

:  1.76: 

2.09.  - 

-  1.92  , 

:  1.95 

Field  • 

Oct. 14, 1940; 

:  1.81 

:  1.31: 

1.55  : 

:  1.27 

:  1.56 

-May  13,1941: 

i  2.17 

:  1.73: 

1.89 

:  1.54 

:  1.85 

:  June  19,1941 

:  1.93 

:  1.50: 

1.81  : 

:   1.81  : 

:  1.82 

•July  26, 1941 - 

;  2.09 

:  1.68: 

•1.97  : 

:   1.95  : 

:  1.97 

;  Sept  .11 ,1941: 

•  1.75 

:  1.60: 

1.79  j 

:  1.54  i 

:  1.72 

To.blo  6.     The; phosphorus  oontont  of  cliff ercirb  clones  of 
v/hitc  clovor  at  various  tines  during  the  year, 
'both  in  the  greenhouse  and  in  the  field. 


Source  : 

Date  : 

Perccntc 

u;e  phosphorus 

of  : 

:          of.  : 

Clone  : 

Clone  : 

Clone  i 

Clone : 

Av.  of 

sample  j 

sampling  : 

33(37); 

56(104): 

15(31): 

56(3) : 

8  clone  s 

Greenhouse  j 

Fob.  9,  1940 

:  .409  : 

.262  : 

.289  : 

.341: 

.332 

Mar. 19, 1940: 

.358  : 

.254  : 

-.311  : 

:  .343: 

.315 

Apr. 29, 1940: 

.379  : 

:   .259  ; 

.326  : 

:  .346: 

:  .320 

.May  31,1940; 

.440  : 

.305  : 

.   .354  : 

:  .346: 

:  .350 

Aug. 20, 1941: 

.395  : 

:  .246 

:  .273 

:  .308: 

:  .290 

•Oct.  4,1941: 

.235 

:  .259 

:  .300 

:  .266: 

s  .274 

Field 

:0ct. 14,1 940: 

:  .246 

:  .295 

:  ,289« 

:  .275 

:Hay  13,  1941 

:  .268  ; 

;  .232 

:  .306 

:  .256 

:  .258 

:  Juno  19,1941: 

.350 

:  .309 

:  .333 

:  .319- 

:  .329 

:  July  26, 1941: 

.438 

:  .278 

:  .326 

■  .344 

:•  .331 

:  Sept.  11, 1941: 

.369 

:  .355 

:  .420 

:  .377 

:  .376 

PATHOLOGY 


Field  Trips 

Several  survey  trips  v/ere  nado  during  late  sunnor 
and  fall  to  dotcmine  the  prevalence  and  importance  of 
diseases  m  pasture  grasses  and  leguncs.     Since  circum- 
stances prevented  a  periodic  check  on  the  prevalence  of 
diseases  at  various  tines  during  the  growing  season,  the 
observations  recorded  are  based  on  United  data. 

Disease  Observations 

White  clovor  rust  ^pnycos  trifolii  trifolii- 

ropoutis  (Lire)  Arth£7Ws  severe  enough  to  enable  dif- 
ferentiation af  susceptible  and  resistant  lines  of  clover 
among  nursery  plantings.     Under  pasture  conditions,  how- 
ever,  only  ninor  rust  infections  vjero  noted. 
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Scattered  plants  of  orchard  grass,  ryegrass,  timothy, 
and  Kentucky  bluegrass  showed,  varying  degrees  of  suscepti- 
bility to  rusts  in  the  nursery.     Considerable  rust  uas 
found  on  tinothy  and  Kentucky  blue grass  under  pasture  con- 
ditions'.     •  ■--  *: 

Leaf  diseases  of  Kentucky  blue  grass,  caused  by  Sop- 
tDrjla  spg ,  and  Helnintho-sporium  vagans  Drechs-.  were  severe 
as.  usualT  '  C 

Orchard  grass  was  severely  damaged  by  Scolecotri chun 
gr amini  s  Fckl , ,  .  both  -  in  '  nur  sery  and  '  pasture  • 

Studies  Dn  Grass  Smuts 

, :.,  ■  During  the  month  of  October,  a  rather  intensive 
pasture  survey  was  nade  of  smuts  on  Poa  pratonsis  L., 
Dactylis  gl  one  rata  L.  ,•  and  Agro'stis  spjew  /infections  rang- 
ing fron  "less  than  1%  to  almost  ~20f0  woFe  estimated.  Snut- 
ted  plants  were  gathered-  fron  42  pastures  representing  a 
. wide  range  of  onvir onmental  conditions.     Samples  fron  the 
Various  collections  were  -  planted  in  the  greenhouse  and  ob- 
served for  progress  of  disease.     Preliminary  results  showed 
that  the  severity  of  smutting  was  not  decreased  by  condi- 
tions favoring  rapid  growth  of  diseased  plants. 

Periodic  examination  of  Pea  pratonsis  L.  collec- 
tions, both  smutted  and  non-snulrted",  showelT~that  latent 
infections  hidden  for  considerable  lengths  of  time  grad- 
ually appeared  under  favorable  growing  conditions.  Thus, 
plants  believed  to  be  free  of  smut  wore  later  discovered 
harboring  the  parasite.     Further  studies  involving  host- 
parasite  relations  are ■ in  progress. 

Microscopic  examination  of  smut  spores  from  dis- 
eased plants  showed  that  most  of  the  collections  consisted 
of  Ustilago  striaof omi s  ('. .ro std • )  Niossl,  although  a  few 
Poa  pratonsis  L.  plants  were  infected  with  Urocystis 
a._ropyr£  (\Pl*ous3.)  Schrt. 

Studies  on  Collototrichum  destructivum  O'Gara 

j'lonosporic  isolates  wore  obtained  from  leaves  of 
white ' clover .     Growth  of  the  cultures  on  potato-dextrose 
agar  indicated  that  the  isolates  were  gradually  losing 
their  ability  to  sporulate.     Accordingly,  five  cultures 
were  selected  for  growth  in  Petri  plates  on  14  different 
culture  media.     Grov/th  and  soorulation  of  each  culture  on 
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oach  nediun  was  conpared.     Cultures  woro  thon  transf orrod 
fron  the  Petri  plates  to  tubes  of  the  sane  respective  cul- 
ture lacdiun  and  grown  for  six  weeks  at  roon  temperature. 
At  the  end  of  this  tine,  cultures  wore  transferred  back  to 
Petri  plates  containing  potato-dextrose  agar* 

Profuse  sporulation  occurred  in  cultures  v/hich  had 
previously  failed  to  sporulatc  on  sono  of  the  nedia.  Color 
and  growth  type  of  sono  of  the  cultures  had  changed  narkedly. 
In  .order  to  detomine  whether  the  changes  wore  r.icrely  transi- 
tory or  whether  permanent  alterations  in  genetic  composition 
had  taken  place,   cultures  were  transferred  at  7-day  intervals 
to  fresh  plates  of  potato-dextrose  agar.     After  four  consecu- 
tive passages,  no st '  of  the  cultures  still  retained  their 
altered  characteristics,  although  sono  tended  to  revert  back 
to  Parental  typos. 

Experiments  wore  also  carried  out  to  determine  the 
effect  of  depth  of  culture  nodiun  on  growth  of  C.  dostructi- 

^  _   

vun.    Abundant  sporulation  occurred  in  Petri  plates  contain- 
ing deep  agar.     The  colonics  in  these  plate's  wore  salmon-  to 
flesh  colored  as  a  result  of  the  countless  spore-masses  pro- 
duced.    Poor  sporulation  and  black  colonics  occurred  on 
plates  containing  thin  layers  of  culture  medium. 

The  effect  on  growth  of  arar  poured  at  various  ten- 
poraturos  was  also  studied.     Preliminary  results  with  dif- 
ferent batches  of  p ot at o -dextrose  a^ar  showed  that  variations 
in  tonperaturo  at  which  nedia  wore  poured  exerted  s one  ef- 
fects on  the  typo  of  growth  of  Q.  destructivun. 


Microscopic  Observation  of  Living  Stonata 

Sinco  nany  fungi  enter  plant  tissues  through  stonata* 
it  was  decned  of  interest  to  carry  out  microscopic  observa- 
tions on  living  leaves  being  attacked  by  parasitic  or^anisns. 
A  technique  was  devised  whereby  cuttings  of  Trifoliun  ropens 
L.  woro  grown  in  throe-fourth  inch  test  tubes  containing  ficl 
soil.     Aft or  the  plants  were  established  and  producing  new 
leaves,  a  single  leaflet  was  solcctcdfor  observation. 

The  tost  tube  containing  a  plant  -was  placed  in  a 
holder  and  Manipulated  beneath  a  nicro scope  objective  until 
the  desired  leaflet  lay  flat  on  a  slide.     A  cover  -lass, 
hingod  to  the  slide  with  a  piece  of  cellulose  tape,  was 
then  laid  ovor  the  leaflet  and  the  covered  area  observed 
through  low  and  hidi-powered  objectives,, 
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Preliminary  use  of  this  technique  showed  that  living 
stonata    and  go.raindting  'spores  can  bo  observed  continuously 
or  intermittently  without  injury  and,  therefore,  without 
alteration*. 


STOIARY 

COOPERATIVE  ACTIVITY 

Tho  collaborators  together  with  physiologists  and 
agronomists  not  at  State  College,  Pa,,  July  8  and  9,  194-1, 
to  consider  tho  general  topic,  "Effect  of  Environmental 
Factors  upon. Growth  and  Development  of  Pasture  Plants." 
Projects  wore  suggested  and  a  committee  set  up  to  give 
further  considc ration  to  this  important  research  problem. 
A  mimeographed  report  of  the  conforonoo  was  nailed  to  each 
participant. 

A  regional  grassland  meeting  was  hold  at  Durham, 
N..  HY,  in  June.     The  program  was  arranged  by  officers  of 
the  New  Hampshire  Agricultural  Experiment  Station  and  of 
the  Northeastern  Section  of  the  Am  or i can  Society  of  Agron- 
omy.    One  full  day  was  devoted  to  the  presentation  of  papers 
and  related  discussions  dealing  with  grassland  agriculture 
in  the  Northeast. 

COOPERATIVE  PROJECTS 

The  development  of  another  cooperative  project  be- 
tween a  state  station  and  tho  Laboratory  brings  tho  total 
of  such  projects  now  active  to  nine.     Five  of  the  projects 
involve  breeding  one  or  more  of  tho  following  pasture  plants: 
colonial  bent,  Kentucky  bluograss,  orchard  grass,  ryegrass, 
and  white  clover.     The  other  four  projects  are  concerned 
with  causes  of  over-liming  injury,  investigations  of  snow 
mold,  anatomy  of  grass  seedlings  as  influenced  by  environ- 
mental factors,  and  chemical  composition  of  pasture  grasses. 
Summary  statements  of  activities  under  those  projects  may 
be  found  in  the  section  of  this  Annual  Report  designated 
for  tho  purpose. 

CYTOGENETICS  AND  BREEDING  OF  GRASSES 

Continued  studies  of  the  use   of  hot  water  for  emas- 
culation of  grasses  gavo  results  similar  to  those  obtained 
previously  and  indicated  a  very  narrow  range  of  critical 
temperature.     Tho  results  obtained  t o  date  from  studies  of 
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■seed,-sct  under  bag  in  orchard  grass  indicate:   (1)  there  is 
a  considerable  ran.^o  in  ability  to  set  seed  under  bag  among 
plants  of  this  species;   (2)  spue  of.  the  differences  are 
heritable ;   (3)  the  character  exhibits  such  great  random 
variation  that  it  is  difficult  to  distinguish  and  evaluate 
the  heritable  from  the  non-*hcri.table  factors;  there  is, 

in  general,  a  reduction  accompanying  inbreeding  in  number 
of- seeds  per  panicle  set  under  bag,  much  of  which  can  be 
accounted  for  by  a  general  reduction  in  seed-sotting  ability.; 
and  (5)  this  character  is  a  major  obstacle  in  an  inbreeding 
program.     In  crosses  of  nalc-stcrilo  with  malc-f ortile  plants, 
the  character  of  the  Ft.  varied  both  with  the  female  and  with 
the  male  plants  used.     The  male-sterility  of  one  parent  ap- 
peared to  behave  as  a  simple  recessive  while  that  of  two  other 
parents  behaved  in  a  different  manner. 

The  use  of  short  (3-f^ot  or  6-foot)  clonal  rows  for 
evaluation  of  individual  plant  types  was  investigated  and 
the  results  conparod  well  with  those  obtained  from  clonal 
plots. 

The  brooding  behavior  jf  plants  of  Poa  pratensis 
agreed  with,  results  of  previous  experiment s  at  the  Labora- 
tory in  indicating  a  groator  amount  of  sexuality  than  has 
been  commonly  reported  for  this  species.    Additional  first- 
and  sec ond-gonerati m  progeny  tests  have  been  established. 

The  search  for  heritable  characters  in  orchard  grass 
classifiable  in  the  young  plant  stage  has  boon  c mtinued 
and  many  additi  mal  types  have  been  isolated.     In  Sudan 
grass,  extensive  studios   jf  the  inheritance  of  a  typo  of 
leaf  sp  >tting  have  been  carried  mt.    An  Fg  generation  of 
the  hybrid  P:>a  caiprcssa  x  ?.  pratensis  has  boon  established. 

Studies  of  :io i otic  behavior  in  "American"  timothy 
have  revealed  a  high  frequency  )£  quadrivalent s  with  occa- 
sional soxivalcntso     Data  on  inheritance  of  yellow  and 
albino  seedlings  obtained  fro:.:  first-  and  sec  ond-gono  rati  on 
mbreds  are  m  agreement  with  the  eytological  findings. 

In  Lolium  perenno,  prelininary  evidence  indicates 
that  the  character  or  partial  asynaosis  is  conditioned 
by  a  siiiglo  recessive  gene  plus  modifiers.     In  meibtic 
behavior  the  induced  autototraoloids        tx>rennial  ryegrass 
resembled  plants  of  orchard  grass  in  quadrivalent  and 
chiasna  frequency  but  differed  from  plants  of  orchard 
grass  in  having  higher  frequencies  of  unpaired  chromosomes 
at  metaphasc  I,  of  laggards  at  anaphase  I,  of  unequal 
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numerical " disjunction  at  AT,  and  of  micronuclei  in  the 
quartets.     Comparison  of  frequency  of  crossing-over  in  in- 
verted areas  of  diploid  and  related  autotetraploid  plants 
indicated  that  inversions  probably  slightly  inhibited  ran- 
domness of  pairing  in  the  autotetraploids.     Progenies  of 
the  triploid  perennial  ryegrass  plants  were  found  to  be 
2x,  2x  +  1,   2x  + ■  I  +  1,  2x  +  1  +  1  +  1,  and.  2  x  +  1  +  1  + 
1  +  1. 

Investigations  of  variations  in  meiotic  behavior 
among  plants  of  orchard  grass  have  revealed:   (l)  that 
there  are  statistically  significant  differences  among 
plants  in  chiasma  frequency,  quadrivalent  frequency,  per 
cent  MI  sporocytes  with  unpaired  chromosomes,  per  cent 
AI  sporocytes  with  lagging  and  dividing  univalents,  and 
frequency  of  chromosome  loss;   (2)  that  these  differences 
are  heritable  as  judged  by  the  progeny  test;  and  (3)  that 
there  is  a  tendency  for  inbred  plants  to  be  moro  irregular 
in  meiosis  than  their  parents. 

CYTOGENETICS  AND  BREEDING  OF  LEGUMES 

Pseudo-self -compatibility  in  white  clover  has  been 
shown  to  be  conditioned  by  multiple  factors,  which  appar- 
ently are  independent  of  the  oppositional  alleles  deter- 
mining self-  and  cross-incompatibility.     The  presence  of 
an  Sf  gene  which  conditions  self -fertility  and  which  is 
allelic  to  the  incompatibility  alleles  has  been  demonstrated. 
The  Sf  allele  was  dominant  to  other  S  alleles  in  the  stigmas, 
but  Sf  pollen  did  not  affect  other  pollen  with  which  it  was 
mixed.     In  studies  of  the  number  of  S  alleles,  two  series  of 
plants,   involving  26  and  41  alleles,  wore  tested,  and  of 
these  alleles,  95  per  cent  and  83  per  cent,  respectively, 
were  different.     Variations  in    temperature  immediately 
following  pollination  did  not  affect  seed-sot  either  in 
compatible  or  incompatible  crosses. 

Results  obtained  under  bee  cages  from  plants  vary- 
ing in  degree  of  pseudo-self-compatibility  indicated  that 
this  character  had  little  effect  upon  the  amount  of  cross- 
Pollination  by  the  bees  except  where  the  most  pseudo-self- 
compatible  plant  was  used. 

Inbreeding  has  been  continued  in  white  and  Ladino 
clover  and  begun  in  strawberry  clover.     In  white  clover, 
the  average  vigor  of  the  Ig  lines  was  estimated  at  40  per 
cent  that  of  their  original  parents.  -  Clonal  plots  have 
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"been  established  from  100  selected  white  clover  plants 
and  from  intercrosses  of  good,  medium,  and  poor  plants 
selected  from  the  plots  established  in  1938.  Collections 
have  been  made  of  Ladino  clover  from  old  pastures  and 
plants,  have  been  established  from  these  collections- 

The  inheritance  of  several  adult  plant  markers  is 
being  investigated.    Additional  studies  of  the  inheritance 
of  HCKT  have  boon  made  by  adding  the  enzyme  and  the  gluco- 

sido  to  the  leaves  being  tested.     Indications  are  that  the 
populations  were  segregating  for  factors  for  the  produc- 
tion both  of  the  enzyme  and  the  glucosidc     The  inheritance 
of  rust  resistance  in  whito  clover  was  studied,  using 
inbred,  F]_,  and  F£  generations  of  selected  parents  and 
their  intercrosses.     The  results  were  inconsistent,  and 
no  factorial  explanation  is  yet  possible. 

Studies  of  meiosis  of  octoploid  plants  of  white 
clover  and  of  chromosome  number  of  the  progenies  of  trip- 
loid  alsi&c,  red,  and  sweet  clover  plants  have  been  made. 

PHYSIOLOGY  AND  COMPOSITION  OF  PASTURE  PLANTS 

Conditions  influencing  heading  and  seed  formation 
were  studied  with  orchard  grass  and  white  clover.  With 
orchard  grass  a  period  of  short  days  previous  to  a  long 
photoperiod  (16  hours)  was  essential  in  initiating  floral 
primordia.     Increasing  the  duration  of  the  periods  at 
short  days  and  low  temperature  increased  the  number  of 
heads  produced.     With  white  clover  a  long  day  was  neces- 
sary to  induce  satisfactory  head  formation,  but  it  was 
found  unnecessary  to  continue  the  long-day  treatment  be- 
yond the  pollination  stago. 

The  effect  of  temperature  and  day length  on  germi- 
nation of  seed  and  vigor  of  seedlings  was  determined  with 
seven  species  of  grass  and  Ladino  clover.    With  the  ex- 
ception of  Sudan  grass,  which  was  unaffected  by  a  high 
temperature,  percentages  of  germination  and  vigor  wore 
less  under  a  temperature  of  85-100°  F.  than  under  one  of 
70-85°  F.  and  under  a  daylength  of  16  hours  than  under 
one  of  9  hours.     A  study  of  association  of  orchard  grass 
and  Ladino  clover  in  gravel  cultures  did  not  show  conclu- 
sively the  presenco  or  absence  of  any  substance  given  off 
by  the  roots  of  one  which  was  harmful  to  the  other. 

Chemical  studies  on  white  clover  showed  that  there 
were  clonal  differences  in  their  mineral  content.  Some 
clones  were  consistently  higher  or  lower  than  others  in 
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calcium  or  phosphorus  under  all  conditions;  others  were 
variable  in  these  respects  with  temperature  having  a  pos- 
sible effect.  White  clover  with  64-chromo somes  was  lower 
in  percentage  of  fiber'  than  that  with  32  chromosomes . 
Leaves  infected  with  leaf  rust  were  higher  in  fat,  fiber, 
and  nitrogen-free  extract  and  lower  in  protoin  than  rust- 
free  leaves  from  the  same  plant. 

Root  and  rhizome  growth  and  composition  studies 
wore  made.     The  yields  of  underground  parts  of  Kentucky 
blue grass  in  sod  showed  a  variation  among  13  clones  of 
from  1,702  to  4,444  pounds  per  acre  in  the  top  three 
inches  of  soil.     The  clones  giving  the  highest  yield  of 
roots  gave  the  lowest  top  yields.     Various  carbohydrate 
fractions  of  the  roots  and  stubble  of  ryegrass  were  found 
to  decrease  rapidly  for  about  7  to  10  days  after  defolia- 
tion and  thereafter  to  increase  as  a  result  of  re  storage 
from  now  top  growth.     The  latter  increase  did  not  occur 
with  plants  kept  in  darkness. 

PATHOLOGY 

A  survey  of  pastures  revealed  that  several  of  the 
more  important  grasses  were  severely  damaged  by  leaf 
diseases . 

Greenhouse  studies  concerning  the  influence  of 
smuts  on  the  growth  and  development  of  Poa  pratonsis  L., 
Dactylis  glomerata  L.,  and  Agrostis  spp#  revealed  that 
rapid  "growth"  of  diseased  plant  s  f avoTed  rapid  growth  of 
the  fungus. 

The  growth  of  monosporic  isolates  of  Collctotriehum 
destructivum  O'Gara  on  various  nutrient  agars  was  studied. 
Preliminary " results  indicated,  that  cultivation  of  the  fungus 
on  certain  media  was  accompanied  by  changes  in  growth  type 
of  a  more  or  less  permanent  nature.     The  influence  of  tech- 
nique on  sporulation  and  growth  was  also  studied. 

A  method  for  microscopic  observation  of  living  dis- 
eased leaves  was  developed.     The  technique  involved  growing 
the  plants  in  test  tubes  which  were  easily  manipulated  under 
a  microscope. 
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Appendix 

(The  responsibility  for  compiling  each'  state- report 
was  assumed  by  the  collaborator  of  that  state) 


PROGRESS  REPORT  OF  STATE  STATIONS 


CONNECTICUT  (STORRS)  AGRICULTURAL  EXPERIMENT  STATION 


Title:      Alfalfa  Experiments. 


Leaders:  B.  A.  Brown  and  R.  I.  Munsell 

a.    Response  to  Soil  Treatments .    During  the  late  summer 
of  1941,  the  second  season  of  the  experiment  to  determine  the 
effects  of  subsoil  treatments,  the  squares,  where  the  subsoil 
had  been  removed,  replaced,  but  not  fertilized,  had  much  poorer 
alfalfa  than  either  those  with  no  disturbance  or  fertilization 
below  6  inches  or  those  with  subsoil  removed,  fertilized  and  ( 
roplaced.    Theso  differences  became  more  marked  as  the  late  sum- 
mer drought  retarded  growth. 

Adding  50  or  100  per  cent  more  Ca  PK  to  the  subsoil  in 
1939  incroasod  the  tote  1  yields  in  1941  by  18  per  cent  over  the 
fertilization  only  in  the  surface  6  inches. 


b.  Effects  of  time  end  frequency  of  cutting  alfalfa 
under  diffcront  treatments.    The  Tata  for  1933-1940  arc  being 
prepared  for  publication •    From  the  results,  it  appears  im- 
possible to  cut  alfalfa  at  times  which  will  provide  high  quality 
hay  and  maintain  good  stands. 

c .  Effects  of  amount  and  depth  of  applying  limestone. 
The  various  pis  cements  of  193  3  resulted  in  about  the  same  growth 
of  alfalfa  rcsccdcd  in  1939,  but  the  different  rates  of  1933  had 
very  marked  effects  as  shown  by  the  following  data : 


Rate  of  Applying  Stand  of  Alfalfa 
Limestone  in  1953  in  1940  {%) 

10C0  3 
2  000  18 
4000  55 
6000  80 


d.    The  role  of  minor  c lements  in  fertilizing  alfalfa. 
During  1941,  light  to  severe  symptoms  of  boron  deficiency  were 
found  on  11  of  13  farms   in  Connecticut.    The  deficiency  was 
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most  apparent  on  tho  vary  sandy  Hinckloy  soils.    For  the  first 
'time, J the  deficiency  was  apparent  on  the  first  cutting.  The 
appearance  of  symptoms  was  closely  connected  with  a  lack  of 
soil  moisture.    Howover,  a  shortage  of  soil  moisture  was  some- 
times so  acute  that  the  alfalfa  stop'pod  'growing  and  in  such 
cases,  'the  alfalfa  was  not  always  bonofitcd  by  f crtilizstion 
with  borax.    Borax  at  20  pounds  par  acre  has  been  effective 
for,  at  least,  two  years  cfter  application. 

No  deficiencies  of  other  minor  elomcnts  wore  noted  in 

1941. 

Title:      Tho  Maintenance  and  Improvement  of  Pastures. 

Leaders:  B.  A.  Brown  and  R.  I.  Munsoll. 

a.    The  Effects  of  Fertilizer  Treatments  on  the  Soil, 
the  Flora,  and  the  Production  as  Measured  by  Grazing.     In  1941, 
tho  21st  year  of  quantitative  grazing  of  Cumr ings  Pastures,  sur- 
face applied  fertilizers  caused  very  large  differences  in  flora, 
soil  reactions,  and  productions  of  feed. 

Flora  -  Although  it  was  a  so-called  "clover"  yer.r,  native 
white  clover  occupiod  only  2  per  cent  of  the  area  of  the  unfer- 
tilized plot,  but  44  por  cent  of  the  optimum  minora  Is  (LPK) 
pasture.    Kentucky  blucgrass  varied  from  3  per  cent  on  the  unfer- 
tilized plot  to  74  per  cent  where  minerals   (LFK)  plus  nitrogen  at 
28  pounds  in  April,   June,  and  August  have  been  the  treatment  for 
10  years.    The  LK  pasture  was  the  woodiest  (35  per  cent)  and  also 
has  the  most  bare  area  (13  per  cent).    Omitting  phosphatic  fer- 
tilizers sinco  1924  was  responsible  in  1941  for  a  50  per  cent  re- 
duction in  clover  and  a  60  por  cent  decrease  in  blucgrass,  but 
a  120  per  cent  increase  in  weeds* 

Soil  Reactions'-  The  17  plots  in  this  grazing  project 
have  received  surface  applied  limestone  at  various  rates  and 
dates  since  1924.    Samplos  of  tho  soil  were  taken  again  by  1 
inch  layers  in  April  1941.     Tho  increases  in  pH  (decrcasos  in 
acidity)  due  to  tho  limestone  arc  in  table  1« 

Table  1.     Increases  in  pH  of  Soil  in  1941  Due  tc  Surface  Applied 
Lime  stone 


Depth 
( Inchc  s ) 

:     1  ton 
:  in  1924  : 

1  ton  in  : 
:  1924  &  1929  : 

1  ton  in 
-1924,1929,2:1939  : 

:  2  tons 
:  in  1932 

0-1 

:  0.18 

:  0.29 

:            0.71  ; 

:  0.76 

1*2 

:  0.21 

;            0.32  : 

:  0.53 

:  0.82 

2-3 

:    0.19  j 

:            0.42  : 

:            0.45  : 

0.79 

3-4 

:     0.00  : 

:  0.20 

:  0.23 

t  0.47 

4-5 

:     0.00  : 

:           0.23  : 

:  0.14 

:  0.31 

5-6 

:  0.00 

:  0.17 

:            0.09  : 

:  0.27 
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...These  and  previously  published  data  (S  .S  .S  .AV  Proc  .  3: 
217-221,   1938)  show;  very  clearly  that  the  penetrative' 'off ccts 
of  surface  applied  limostono  are  functions  of  amount  applied 
and  lapse  of  time.    Both  the  increased  production  of  pasturage 
and  tho  decreased  acidity  of  the  soil  to,  at  least,  the  sixth 
inch,  supply  evidence  as  to  the  efficiency  of  lime  stone  ap- 
plied on  the  surface  of  grassland.  • 

Production  of  pasturage  -  Tho  1941  results  have  not 
been  summarized  at  this  time,  but  apparently  were  not  much 
differont  than  during  tho  9-year  period,  1932-1940, 

c.  The  gffects  of  Various  Chcmi c a  1 s  on  the  Soil,  on 
the  Botanical  Composition  of  the  Sward,  and  on  the  Stands  and 
Growth  of  Kentucky  B.lue  and  Rhode  Island  Bent  Grasses.  Dur- 
ing tho  5-year  period  that  this  experiment  has  been  in  progress, 
tho  difforont  sourcos  of  N  have  caused  variations  in  the  reac- 
tions of  the  surface  inch  of  soil  equivalent  to  two  pH  units. 
Close  correlation  between  pH  and  exchangeable  bases  has  boon 
found  in  soil  samples  from  these  plots.    As  a  result  of  tho 
markod  changes  in  the  soil  reactions,  Kentucky  blucgrass  has  al- 
most disappeared  from  some  plots  while,  under  tho  same  treat- 
ments, Rhode  Island  bant  grass,  although  not  thrifty,  has 
nearly  perfect  stands. 

At  cither  84  or  168  pounds  per  cere  annually;  a  pound 
of  N  has  increased  total  yields  of  both  bent  and  blue  grasses 
by  about  10  pounds  of  dry  matter  or  roughly  equivalent  to  6  pounds 
of  digestible  nutrients. 

d.  The  adaptability  of  Varieties  and  Species  of  Grasses 
and  Clovers  for  Pastures.    Birdsfoot  Trefoil  -  Now  York  strains 
of  this  species  havo  been  seeded  on  untillcd  pastures  and  in 
mixtures  on  tilled  fields,  but  very  little  trefoil  has  become 
established  in  either  situation. 

Strc ins  of  Common  Grasses  -  The  data>  from  the  most  re- 
cent tests  of  many  strains  of  grasses  in  pure  culture  and 
mowed  throe  times  per  season  have  net  been  summarized  at  this 
time  (December  30,  1941). 

Ladino  or  Kent  Clover-Grass  Mixtures  Lawn  Mowed  when 
4"  to  1"  -  In  the  sixth  consecutive  season  of  lawnmowing  when 
4"  to  1"  (average  eight  cuttings  per  season),  Ladino  was 
superior  to  Kent  clover  with  each  of  nine  grasses  and  aver- 
aged about  25  per  cont  more   dry  matter.     In  seven  of  nine 
cases,  seeding  Ladino  with  a.  grass  in  1936  resulted  in  larger 
yields  in  1941  than  applying  nitrogen  at  28  pounds  per  acre 
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three  tines  during  the  season  to  the  grasses  alone/    The  sea- 
sonal distribution  has  also  boon  better  on  the  La dino  plots. 
In  Septonhor  1941,  Ladino  occupied  27  per  cent  of  its  plots, 
while  Kent  averaged  15  per  cent. 

During  the  six  years,  four      dino -grass  mixtures  have 
averaged  to  produce  a  total  of  16,612  pounds  of  dry  natter 
per:acro.    Analyses  for  three  years  showed  this  dry  -'motto r 
to  contain  4,15  per  cent  N,  0.95  per  cent  PgOg,  and  2.01 
per  cent  KoO  or,  respectively,  689,  158,  and  334  pounds  of 
those  fertilzer  constituents. 

Management  of  ^Qdino-grass  Mixtures  -  Ton  difforont 
systons  of  cutting  La dino-tinothy  and  Ladino-orchcr d  grass 
mixtures  (on  triplicated  75  by  15  foot  plots)  have  been  under 
trial  for  about  two  and  one-half  seasons.    The  nunber  of  cut- 
tings each  season,  the  average  stands  of  Ladino  in  1941,  and 
the  1939,  1940,  and  1941  total  yields  of  dry  natter  are  given 
in  table  2  • 


Table  2.    Managonent  of  Lcdino-C-rass  Mixtures. 


sStand  of 

rLadino 

:    Nunber  of 

Dry  Matter 

Cutting 

Systons 

iOct.8, 

Cutting 

:     (Pounds  Per  Aero) 

When 

:  To 

:  1941 

:193^ 

:194C 

:1941 

:1939* 

:1940:194l:Totols 

:  Ti 

.mothy  Section 

6" 

:  2" 

:  75 

:  3 

•  5 

:  6 

:1766 

:2637:4603:  9006 

6" 

•  4" 

:  50 

:  4 

:  7 

:  7 

:  592 

:2844:4564i  8000 

8" 

:  2" 

:  53 

:  2 

:  3 

:  4 

:1877 

:2922  :4141:  8940 

8" 

.  Ls 

:     33  . 

:  2 

:  5 

:  5 

:  574 

:2603:4560:  7737 

10" 

:  2" 

:  70 

:  1 

:  5 

i  3 

:1456 

:2878:4386:  8720 

10" 

:  4" 

:  65 

:  1 

:    3  : 

:  4 

:  948 

:3054:4774;  8776 

8"  . 

:  4"(0 

before  6/15) j 

:     65  ; 

:  2 

:     5  : 

:  3 

:  630 

;2723:5670:  9023 

6"  : 

:  2"(0 

before  6/15) 

:     55  : 

:  3 

:    3  ; 

A 

:  4 

;1842 

:2 299:6  684;  1082  5 

8"  ! 

:  4"(0 

after  9/1)  ; 

:  68 

:  1 

!      '±  . 

:  4 

:  158 

;2702  :4101s  6961 

8", 

:  4"(0 

after  10/1)  ; 

:     68  .• 

:  2 

:  5 

:  4 

;  657 

:2925  ;4122  :  7704 

Orcha  rd 

Grass  S 

>ect  ion 

6". 

:  2" 

:  77 

:3 

5  : 

6 

•:1972 

:2936:4337:  9245 

6" 

:  4" 

:  72 

:4 

:     7  : 

7 

:  694 

:3370:43-S5  :  8389 

8" 

:  2" 

:    70  i 

.2 

:     3  : 

4 

:2227 

:3025:4455:  9707 

8"  j 

:  4" 

:     67     *  : 

o 

;  £ 

:     5  2 

:  5 

:  735 

:3288:4317:  8340 

10" 

:  2" 

:    70  : 

:1 

:    3  ; 

:  3 

:15S2 

:3305:3891:  8758 

10" 

;  4" 

:    48  : 

a 

i    3  : 

•  4 

:  896 

.•3413:5473:  9782 

8" 

:  4"(0 

before  6/l) 

:  70 

.0 
>  l~l 

:    5  : 

:  4 

i  602 

:3235:4843:  8680 

6" 

:  2"(0 

before  6/1) 

:  45 

:3 

4  : 

4 

:1775 

.-2679:5009:9463 

8" 

:  4"(0 

aftor  9/1)  ! 

:     52  ; 

1 

A 

.  < 

r  4 

:  96 

:3027:4029:7152 

8" 

:  4"(0 

after  10/1) 

:  55 

:2 

:  5 

:  4 

:  615 

:3623  :3791:8029 

*Soodod  on  May  5  with  oats,  which  were  nowod  Juno  29. 


The  first  cutting  of  Ladino  and  grasses  was  on  Aug  .7. 
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•  "  In  1940,  there  was  a  tendency  for  systems  with  loss 

frequent  end  higher  cuttings  to  have  more  Ladino,  .but  that 
'trend  appears  to  have  been  revorsod  in  1941,    This  change 
may  have  been  due  to  the  groatcr  prevalence  of  the  grasses 
in  1941  than  in  1940,    Regardless  of  height  of  setting  the 
mower,  the  new  growth  of  Ladino  starts  from  the  prostrato 
stems,  which  aro  a.t  the  surface  of  the  ground,  but  any  re- 
mains of  the  leaf  blades  of .  grasses  are  pushed  upward  from 
the 'growing  point.    Therefore,  in  mixed  stands,  setting  the 
mower  to  cut  high,  favors  grasses  over  Ladino. 

For  the  systems  whore  the  -mower  was  set  to  cut  2" 
above  the  ground,  the  more  frequent  the  cutting,  the  more 
prevalont  the  Ladino.    This  also  may  reflect  the  groat  dif- 
ferences in  the  habits  of  growth  of  Ladino  and  grasses. 
Ladino  is  a  low  growing  species  with  very  quick  recovery 
after  defoliation.    The  reverse  holds  for  the  grasses.  Thus, 
under  the  extremely  competitive  conditions  existing  in  Ladino- 
grass  mixtures,  Ladino  is  favored  by  more  frequent  mowing. 

As  for  the  total  yields  of  dry  matter,  thoro  is  a 
distinct  tendency  for  the  loss  frequent  and  higher  (above 
ground)  systems  to  be  superior  to  the  more  frequently  and 
closely  mown  ones.    In  tho  timothy  mixtures,  the  two  systoms 
where  the  first  mowing  is  deferred  until  June  15  had  very 
large  yields  in  1941.    This  was  due-  to  the  hay-like  growth 
in  the.  first  cutting.    Making  no  cuttings  after  September  1 
has  boon  a  great  handicap  to  that  system  although,  because 
of  very  dry  weather  in  September  1941,  fall  yields  wore  very 
low  in  most  casos. 

Because  of  the  changes  in  rosults  which  have  already 
occurred  in  this  experiment,  guossing  as  to  the   final  out- 
como  appears  to  be  a  very  hazardous  speculation. 

f .    Cause s  of  Fluctuations  in  the-  Prevalence  of  White 
Clover.    In  Connecticut,  1941  was  a  so-called  ^clovoP  year. 
Both  red  and  white  clovers  appeared  in  considerable  amounts 
on  areas  whero  scarcoly  any  ha d  been  scan  in  recent  seasons. 
It  is,  therefor o,  particularly  interesting  to  check  on 
weather,  fertility,  and  managerial  conditions,  which  might 
affect  the  prevalence  of  clovers. 

'Weather  at  Storrs  : 

1940  -  Fifth  coldest  January  but  no  extremes;  cold, 
wet  spring  and  early  summer;  very  dry  from  July  through  Octo- 
ber. 


1941  -  Jenuary  was  unusually  cold;  February  had  sec- 
ond lowost  snowfall  on  record  (ln)  and  soil  was  bare  nest  of 
month;  March  was  sixth  coldest  and  had  double  norma  1  ►snow - 
fall;  April  was  second  earnest  and  very  dry  (only  35%,  normal 
rain);  ^ay,  Juno,  and  July  wero  warm  and  above  average  in 
precipitation?  August,  September,  and  October  woro:  very  dry. 

Because  of  the  dry,  warn  April  and  early  May  in  1941 « 
grassos  started  and  grew  slowly  and  this,  no  doubt,  favored 
any  clovers  already  established  and  possibly  the  establishment 
of  norc  clover  fron  seed. 

Other  Environmental  Conditions  -  In  two  experiments  at 
Storrs,  particular  attention  is  given  to  causes  of  clover 
prevalence    In  one,  where  tho  plots  are  lawnnowed  ovary  two 
weeks  and  where  15  different  fertilizer  treatments-,  and  other 
conditions  are  under  test,  the  average  increases  in  clover 
from  October  4,  1940,  to  September  10,   1941,  wore: 

Kent  -  from  18  to  46  or  150  per  cent 
Dutch  -  from  13  to  18  or  35  per  cont 
Ladi-no  -  from  12  to  2 1  or    75  per  cent 

There  wore  no  docroasos,  regardless  of  fertilization. 
The  greatest  a ctua 1  changes  occurred  under  fertilizer  treat- 
ments which  had  stimulated  the  most  clover  before  1941,  So 
far,  clovers  have  not  responded  to  the  minor  elements  B,  Mn, 
Cu,  or' Zn.    Cutting  to  0,5"  or  1»0"  abovo  the  soil  or  whether 
the  accompanying  grass  '-was  Kentucky  bluegrass  or  Rhodo  Island 
bent  grass  ma  do  little  difference  in  the  prevalence  of  any  of 
the  so  three  clovers. 

In  tho  second  experiment,  tho  fields  have  been  mowed 
for  hay  in  June  and  grazed  in  late  summer  and  fall.    Of  the 
over  200  plots  and  100  different  fertilizer  treatments  on 
these  fields,  about  half  had  more  clover  in  1941  than  in 
1940.    However,  most  of  the  treatments  which  ted  favored 
clover  had  increases  and,  as  in  the  first  experiment,  the 
more  clover  present  in  1940,  tho  larger  the  actual  increases 
in  1941  unless  a  favprablo  change  had  been  made  in  fertiliza- 
tion. 

It  has  been  interesting  to  note  that  for  many  yoars 
under  this  type  of  management,   considered  by  scmo  as  un- 
favorable to  white  clover,  40  to  60%  of  the  area  in  plots 
liberally  treated  with  Ca,  P,  and  especially  K,  has  been 
occupied  by  native  white  clover.    This  clover  is  not  tho 
low  growing  typo. 
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Title:      Studios  on  Physical  and  Chemical  Properties  of 
Soils  • 

Lc odors  :  B.  A.  Brown  and  R,  I.  Munsoll 

bi    Physical  and  Chemical  Studies  of  Soils,    Over  a 
t  :3-yoar  period,  disking  in  versus  surface  applications  of 
limestone,  superphosphate  and  muriato  of  potash  on  tilled 
seeded  plots  resulted  in  some  chemical  difforencos  in  the 
various  layers  of  the  soil,  but  not  in  root  development  or 
yiolds  of  two  grass-legume  mixtures. 

Grass  Silage  -  No  formal  experiments  woro  conducted  on 
this  topic  tho  past  year.    Thinking  it  might  be  .of  interest, 
however,  to  see  what  yiolds  may  bo  expected  from  several  pos- 
sible silage  crops  undor  moderate  fertilization  on  the  Station 
farm  at  Storrs,-  the  following  table  has  boon  prepared: 

Table  3.    Yields  of  some  crops  for  silage* 


Pounds  per  acre 


!  Dry 

:Digostiblo 

{Matter , 

:Prote  inj 

[Nutrients** 

Alfalfa  -  first  cutting 

;  3400  ! 

:     620  ; 

s  1880 

*"■           socond  cutting  s 

:  2100 

:    460  j 

i  ,1161 

total 

:  5500 

:  1080  . 

:  3041 

Rod  clovor  -  first  year  after 

seeding                      *  : 

:  3300  : 

;  430 

?  1890 

Timothy  -  next  year  after  red  clover 

:  2900 

!     175  i 

j  1690 

Ladino  (65^)&  orchard  grass  (35%)  : 

:  3700 

:     740  ; 

2400 

Millet  (Japaneso)  : 

:  6000 

:     360  . 

:  3280 

Sudan  grass  : 

:  5000  ■ 

:  230 

!      2  900 

Oats                                                    .'  : 

i  2900  t    270  i 

:  1530 

Kentucky  blue  grass  (H  at  84  lbs.  j 

annually) 

:  2  800 

:  650 

t   .  1960 

Permanent  pasture  (LP  fertilization) 

:  2800  : 

:     672  : 

:  1820 

Soybeans 

!  4300 

:     800  . 

:  2370 

Corn  i 

:  7400  i 

:     550  i 

:  4900 

*Thcsc  are  average  yields  obtained  on  moderately 
fertilized  Charlton  fine  sandy  loam  soil  on  tho 
Station  farm  at  Storrs. 
**Thc  percentages  of  digestible  nutrients  used  to 
determine  the  values  in  this  column  wero  estimated, 
using  as  guides  Henry  &  Morrison's  tables  &  Woodman's 
(England)  results  on  the  digestibility  of  young  gr  asses  . 
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DELAWARE  AGRICULTURAL  EXPERIMENT  STATION 

Title:      Lespedeza  Selections  for  Pa sture  -Types • 

Leaders:  G.  L.  Schuster  and  C.  E#  Phillips  .: 

Tests  with  the  strains  of  Korean  lospedoza  during  the 
last  year  heve  been  limited  by  the  drought  conditions.  This 
has  interfered  with  tho  collection  of  yield  data  but*  has 
offered  opportunity  to  observe  drought  resistance  of  the 
strains. 

Tho  selections  wore  socdcd  in  small  plots  in  a  pcsture 
last  spring  for  observation  under  act.ual  grazing  conditions. 
It  is  hoped  that  from  these  tests  final  selections  may  be 
me.  de  • 

Title:      Selection  and  Brooding  of  Trifolium  Specie's. 

Leaders:  J;  M.  Watkins  end  C.  S.  Phillips. 

The  selection  and  breeding  of  Trifolium  spocics  has 
been  continued  with  major  emphasis  being  givon  to  white 
clover  and  crimson  clover.    L\  large  number  of  the  white 
clover  strains  ccrricd  in  nursery  tests  were  eliminated 
whon  the  plots  were  transferred  to  another  locction.  Twonty 
of  tho  most  promising  strains  ore  being  to s tod  in  competi- 
tion with  Kentucky  bluegrass. 

Seed-setting  studies  in  white  clover  have  been  con- 
ducted along  two  lines:  (l)  the  offect  of  clipping  treat- 
ments.   Plots  clipped  only  on  May  15  wore  superior  to  the 
other  clipping  tro a tmcnts.  (2)  Seed-setting  as  a  hcritablo 
characteristic.    The  best  strain  produced  more  than  four 
bushels  por  acre.    It  is  a  pparent  that  competition  of  tho 
common  grasses  is  a  limiting  factor  in  clover  seed  produc- 
tion here . 

Replicated  plots  of  crimson  clover  and  red  clover  wero 
seeded  in  1941  for  obsorvations  and  yield  tests.    A  large 
number  of  crimson  clover  selections  made  in  tho  summer  were 
included  in  nursory  plots  for  observation  and  testing. 

Title:      Evaluating  Rangos  f  or  p0ultry . 

Leaders:  W.  C,  Skoglund  and  J.  M.  Watkins  • 

A  project  for  evaluating  ranges  for  poultry  was  ap- 
proved in  1940.     It  has  as  its  objectives:     (l)  evaluating 
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type  of  herbage  for  poultry  ranges  as  to-  pa  latability  and 
durability,  (2)  determining  tho  influence  of  various  ranges 
on  foed  savings, ■ and  (3)'  determining  tho  effect  of  rangos 
upon  the  following:  (a)  increase  in  live  weight  of  the  grow- 
ing birds,  (b)'gonercl  health  and  condition*  of'  the  flock, 
and  (c)  subsequent  livability  and  egg  production  in  tho  lay- 
ing house*  '  : 

The  experiment  consists  of  five  plots,  l/5  aero  each, 
with  the  following  treatments  : 

A.  Chock  (baro  ground). 

B.  Mixture  of  Kontucky  blue  grass,  rodtop,  ryegrass , 
and  timothy . 

C .  Mixture  of  Ladino  clover  and  White  Dutch  clover. 
D  •    Mixture  of  B  and  C  . 

E.    Mixture  of  alfalfa  and  red  clover. 

Birds  grown  .oh  those  plots  are  being  compared  with 
those  in  total  confinement. 

Plot  C  stood  up  best  during  tho   summer  and  appeared  to 
be  more  palatcblo  than  the  other  ranges. 

Titlo:      Pasture  Management  and  Milk  Production. 

Leaders:  C.  E.  Phillips  and  A.  S.  Tomhavo. 

The  season  of  1941  was  extremoly  dry  and  the  growth  of 
pasture  grass  was,  thorefore,  much  less  than  normal.  Clip- 
pings were  made  from  caged  areas  and  the  an  ount  of  grass  grazed 
by  the   cows  was  calculated  by  the  "difference"  method.  Tho 
Ladino  clover  plot  producod  6$%  more  green  grass  (oaten  by 
cows)  than  the  avorage  of  all  o-ther  mixtures  (45  pounds  green 
grass  per  day  for  tho  period  grazed). 

All  the   data  have  not  been  tabulated,  but-  it  can  be 
said  that  pasturo  clone  did  not  maintain  a  satisfactory  rate 
of  milk  production. 

MAINS  AGRICULTURAL  EXPERIMENT  STATION 

Title:    Grass  land  Studies  • 

Loaders  :D.  S.  Fink' 

Native  Pasture*    A  dcta  il  experiment  dealing  with,  the 
fertilizer  maintenance  requirements  of  an  excollent  native 
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pasture  is  being  continued.  .  Preliminary  information  indicates 
that  about  60  pounds  each  of  H,  ^2^5'  Q^  ^-2^  Pcr  acro  should 
be  applied  annually  to  maintain  an  excellent  native  past uro 
in  excellent  production* 

Ladino  Clover .    Seeding  trials  with  Ladino  clover,  and 
timothy,  roported  in  the  1939  Annual  Roport  of  the  Maine'  Agri- 
cultural Experiment  Station,   showing  that  two  pounds  of  Ladino 
clover  and  sevon  pounds  timothy  pcr  aero,  producos  a  most  ex- 
cellent stand  for  pasture,  hay,  or  grass  silage,  have  boon 
substantiated  under  numerous  farm  conditions. 

Ladino  clover  has  become  v;ell-cstablished  over  a  3-year 
period,  through  meroly  broadcasting  Ladino  clover  soed  and 
fertilizer  on  top  of  the  sod  of  an  old  "run  out"  permanent 
pasture  (paddock  4,  Highmoor  Firm).    The  requirement  for  suc- 
cess with  this  practico  socms  to  be  one  of  having  Ladino  clover 
seed  prosont  in  the  soil  during  the  poriod  of  soil  fertility 
improvement • 

Observations  indicate  that  a  grass  superior  to  timothy  in 
rapidity  of  af tor-grov/th  is  re  edod  in  association  with  Ladino 
clover,  and  to  this  end  a  grass  spe cios-La dino  clover  trial 
is  under  way  at  Highmoor  Farm.    Solcctcd  strains  of  various 
grasses  were  furnished  for  this  study  by  the  Soil  Conservation 
S  ervico • 

Strawberry  Clover.    An  excellent  stand  of  strawberry 
clover  and  reed  canary  grass  was  established  in  paddock  5 
this  past  summer,  and  information  will  bo  gained  as  to  the 
adaptability  and  usefulness  of  this  association. 

Gra ss  S ila go  .    A  study  was  made  of  the  losses  in 
total  weight  and  dry  matter  for  two  methods  of  preserving 
grass  for  silage  .and  the  data  obtained  arc  given  in  table 
1.    The  study  comprised  a  comparison  of: 

Silo  1  -  First  crop  Ladino  clover-timothy  cut 
in  directly  from  the  field  with  50  pounds  of  molas- 
ses added  per  ton  of  fresh  material. 

Silo  2  -  Second  crop  Ladino  clover-timothy  cut 
in  partially  air-dried  with  fivo  gallons  of  dilute 
phosphoric  acid  (l  gallon  of  15%  food-grade  phosphoric 
acid  to  4  gallons  of  water)  added  per  ton  of  partially 
air-dry  material. 

Tho  losses  sustained  in'"total  weight  for  the  two  methods 
of  preservation  wore  32 .4%  for  silo  1  and  5*5%  for  silo  2. 


The  losses  in  .total  .dry  ratter  were  19,4$  in  the  cose 
of  silo  1,  and  7        in  the  case  of  silo  2. 

The  si  lego  from  both  silos  1  and  2  -was  of  high  quality, 
froo  from  butyric  acid,  and  of  good  color.    Except  for  tho 
immediate  surface,  both  silages  maintained  a  consistent  pH 
value  of  4,0  +  0,1  throughout. 

Table  1.  -The  porcontago  losses  in  total  weight,  spoilage  & 

dry  matter  for  two  different  methods  of  silage  pres- 
ervation, togothcr  with  tho  pounds  of  oach  silago  to 
give  one  pound  of  dry  matter.  (Ladino  clover-timothy 
was  the  source  of  silage  material). 


:    Silo  1 

:    Silo  2 

:  (22$  dry 

:  (33$  drv 

• 

:mattor  with 

rmattcr  with 

:  mo  la  s  s  c  s ) 

6     4 * 

Total  lbs.  of  matorial,  including  pre- 

servative weighed  in 

:  113,924 

:  63,559 

Total  lbs.  of  si lagc, includ ing  spoil- 

ago,  weighed  out 

:  77,018 

:  60,037 

Lbs.loss  in  total  wt. of  material  put  in 

:  36,906 

:  3,522 

Percentage  loss  in  total  wt  .of  material 

put  in 

:  32.4: 

:  5.5 

Total  lbs.  spoiled  silage 

:        2,436  : 

:  1,280 

Percentage  loss  of  material  due  to  i 

spoilage 

:              2  .1  i 

;  2.0 

%  dry  matter  content,  including  pre-  s 

sorvative,  of  material  in  i 

:  21.86 

1  33.1 

Total  lbs.  dry  matter  in 

:  24,903.8 

:  21,037.0 

%  dry  matter  content  of  silage  out 

:  26.06i 

32  .5 

Total  lbs.  of  dry  matter  out 

:  20,070.9: 

:  19,512.0 

Lbs.  loss  in  total  dry  matter  put  in 

:        4,832  .9, 

:        1,525  .0 

Percentage  loss  in  total  dry  matter  put 2 

in 

:  19.4: 

:  7.3 

Cubic  feet  occupied  by  silago  at  start 

of  feeding- 

:        1,577  : 

:  1,394 

Average  wt.  per  cubic  foot,  lbs. 

:             48. 8j 

43.1 

Lbs.  silage  to  give  1  lb.  of  dry  matter 

:  3.84. 

:  3.08 

*Dry  matter  determinations  of  material  in  &  silage  out  woro 
ma  de  on  composite  samplos  of  same  material.  During  filling, 
3  bags  full  of  the  silage  were  buried  following  approximately 
every  3  tons'  of  fresh  material  (silo  l)  &  every  ton  and  half 
of  air-dry  material  (silo  2).  Dry  matter  determinations  for  a 
given  level  in  each  silo  wore  weighted  according  to  silago 
represented  by  oach  bag.  A  total  of  54  bags  were  buried  in 
silo  1  and  60  bags  in  silo  2. 
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MARYLAND  AGRICULTURAL  EXPERIMENT  S TAT ION 

Title:      Methods  of  Improving  Permanent  Pastures  on  the  Several 
Soil  Provinces  in  Maryland. 

Leader:    W.  B.  Kemp. 

Sevcro  drought  throughout  most  'of  the  growing  season  of 
1941  killed  out  all  spring  seodings  of  both  grass  -and  clovers, 
while  August  s.oedings  oithor  did  not  come  up  or  cmcrgod  so  la  to 
in  the  fall  that  they  are  not  likely  to  survive  the  winter, 
Thcreforo,  no  report  is  ma  do  on  new  soodings. 

So  much  of  native  wild  white  clovor  has  como  into  all 
plots  which  aro  planted  to.  white  clovers  from  different  sources 
that  comparison  of  sources  is  impossible. 

As  a  part  of  the.  studies  on  the  effects  of  fertilizers 
and  troatmont  .  on  pastures  and  in  cooperation  with  the  Exten- 
sion Service,  detailed  records  of  treatment,  for  the  past'  fivb 
years  have  been-  obta  incd .  on'  ixny  pasturos  in  difforent  parts 
of  tho  stato.    Some  pa  st'ur  es  the  t  -ha  vo  '  been  limod  and  ferti- 
lized and  others  that. ha  vo  received  no 'fertilization  have  boon 
chosen  for^yicld  studios.  'At  least  two  cagos  por  field  have 
boon  kopt  in  thoso  pasturos  during  tho  pa  st  sumraor.  From 
timo  to-  time  during  the  season  tho  grass  under  these  cagos 
has  boon  clipped  alongwith  that  equal  uncagod  areas  and  tho 
cages  have  been  moved  to  now  locations   in  the  fields.  These 
clippings  have  boon  driod  and-.woighed  and  comparisons  havo  boon 
made  on  the  basis  of  mater  ial  .  dried  to  12%  of  moisture. 

■       On  somo  pasturos  complete  records  aro  not  a  valla  bio,.  .,• 
either  bocause  cagos  wero  dostroyod  or  for  somo  other  reason* 
The-  general  results  are .prcscntod  in  the  following  tables  for 
those  pastures  where  full  records  were  takon.  Treatments 
variod  widely  from  ono  pasture  to  another.    In  general,-  treat- 
ments .wero  much  moro  liberal  on'thc  Piedmont  soils  (Chostor, 
Manor,  Montalto)  than  on  either  the   limestone  soils  (Sapors - 
town)  or  on  the  mountain  so  ils  (Dekalb,  Meigs)  . 

.Tho  results  are  shown  in  tablo  1« 

Some  of  tho  fields  in  table  1  that  ore  classified  as 
untreated  have  had  an  occasional  application  of  either  manure 
©r  lime,  but  no  commercial  fertilizer  within  the  past  five 
ye  a  rs  * 
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Yfith'f'ew  exceptions fertilizer  treatments  have  been 
highly  profitable  even  though  some  of  the"  fertilizer  treat- 
ments have  t'o on  light  and  othe  rs .  &e  ayy,  and  the  fertilizer 
composition  has  varied  widely. 

On  the  Chester,  Manor,  or  I'bntalto  soils  of  the  Piedmont 
plateau  records  have  boon  taken  on  other  pastures  as  well  as 
those  consisting  of  blue  grass  and  -white  clover.    In  table  2  those 
results  arc : prcsente d •    The  conditions  surrounding  those  differ- 
ent pa  stures  are  not  sufficiently  uniform  for  the  yield  differ- 
ences to  be  considered'  as'  significant.    However,  the  figures 
provide  on  opportunity  to  determine  wha  t  sore  pastures  of  the 
different  types  produced  in  tho  year  1941. 


Table  1.    Comparison  of  Yields  and  Plant  Populations  botwocn 
Treated  and  Untreated  Bluograss  Pastures  on  Dif- 
ferent Soil  Typos  in  Maryland  for  1941. 


Soil  typo 

* 

:  Troatmcnt 

• 

:Flds. 

:Ph. 

:,Yld.l2%  moisture  . 
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it  ion 

:Tota  1 
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t    '               i  1 
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[Legumes 
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• 

m  t 

:Trcated  i 

5  •  ; 

:6a0, 

,  3032 

1  4 
•  1 

s     2949  j 

1  4 

I  i 

:  44.2 

:  17.0. 

.  Meigs 

:l\Tot  treated. 

:   .3  4 

5..2 

j  •  1281 

:'    1081  j 

•30.5  j 

:  8.5 

:Dif foronce 

0.8. 

:  1751  . 

:     1868  j 

;    13.7  : 

:  8.5 

Ha  ge  rs  town 

rTrcatod 

i    2  : 

.6.6; 

:  32.83 

i    3159  i 

:  -65.6 

:  19.0 

:Not  treatod. 

i    2  i 

:6.7 

:  2290  , 

:    2129  ; 

;  57.8 

!  16.8 

difference 

:  993 

:      980  j 

8.1 

:  2.2 

Che  stcr, 

:Troatod 

:    3  s 

6.5: 

5116 

:    4930  : 

:  60.7 

:  17.0 

Manor,  or 

:Not  treated. 

:4s 

:5.4i 

2036 

:     1823  j 

:  50.1 

:  12.3 

Mont  a  Ito 

:  Difference  . 

9 

m 

:1.1: 

:  3030  i 

p 
i 

:     3107  ; 

;  10.6 

:  4.7 

Table  2.    Yields  from  Pastures  of  Three  Different  Types  in  tho 
Piedmont  --re a  of  Maryland  in  1941 


0  ' 
0  ■ 

;       Total  yld.  , 

;    Av.  Co 

itldos  it  ion 

Pasture  typao 

:Flds. 

:  Ph. 

:     12%  moisture 

j.Perennia 

l:Lo 

gumos 

4* 

m 

.  sawvo  rc  go  ;Hi  ghc  s  t 

;  grasses 

m 

*■  0 

Orcfc  rd  grass  or . 
orchard  &  les- 
pedcza 

:  Z 

:  6.4 

• 
0 

# 

:     6786   :  8688 

•  * 
g  0 

:       66  #4 

0 
0 

• 

■ 

0 

0 
0 

0 

0 

15.7 

Ladino 

:  2 

;     6 .3 

i    '6444  :  7741 

:  18.3 

0 

77.2 

Bluegra  ss -clover 

:  3 

;  6.5 

;     5116   :  6796 

:  60.7 

m 

0 

17.0 

Pastures  of  all  types  were  exceedingly  poor  in  the  late  fall. 
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MASSACHUSETTS  AGRICULTURAL.  EXPERIMENT ..STATION 

Title  :    The  I;   rovomont  of  Per dnnia  1  Pasture  Spocic  s  . 

Lea  dor:  W-.  G.  Colby.. 

Experiments  ar'o  being  conducted  at  Amherst  with  pasture 
soeding  mixtures  for  tho  purpose  of  studying  improved  strains 
of  grasses  and  legumes  undor  actual  grazing  conditions.  Throo 
series  of  plots  wore  laid  out  in  1940,-  on  land  which  had  been 
brought  to  a  high  state  of  fertility  through. tho  liberal  use 
of  lime,  manuro,  end  commercial  fertilizer.    Two' series  (I  and 
II)  of  19  plots  each  were  socded  -\ugust  23,  1940,  and  a  third 
series  (ill)  of  13.  plots  was  s coded  April  18,  1941.    Tho  same 
mixtures  were  included  in  each  serios  insofar  as  was  possiblo. 
In  several  instances,  duo  to  limited  seed  supplies,  certain 
mixtures  occurred  on  only  one  or  two  of  the  three  series. 

Another  object  of  the  experiment,  was  to  compare  a  system 
of  hay-pastur 6- mane g orient  with    pasturing  alono  end  to  tost  sum- 
mer seeding  of  pasture  mixtures  against  spring  seeding.  During 
1941,'  Scries  I  was  subjectod  to  four  periods  of  intensive  graz- 
ing by  a  small  herd  of  dairy  cows.    Tho -first  grazing  period 
was  in  *^ay,  the  second  was  in  July,  the  third  was  in  August, 
•and  the  fourth  was  in  October.    Serios  II  was  first  cut  for 
hay  before  being  subjected  to  three  periods  of  grazing.  The 
three  grazing  periods  for  Scries  II  coincided  with  the  last 
throe  grazing  periods  of  Sories  I.    The -spring  seoded  scries 
(ill)  was  grazed  only  lightly  at  the  same  time  as  Series  II. 
The  following  observations  and  results  deserve  mention: 

1.    "  ror.e  grass  and  meadow  fescuo  (Svclof's 
early)  showed  the  most  promise  as  being 
desirable  companion  grasses  for  Ladino 
clover.    The  cutting  of  an  early  hay  crop 
followed  by  sovoral  periods  of  intensive 
grazing  appoarcd  to  bo  tho  most  dosirablc 
way  of  utilizing  thoso  gressos.  . 
•    2.    Hay  typos  of  orchard  grass  (Scandia  and 
Commercial)  as  well  as  the  less  vigorous 
pasture  typos  (S26  and  S 143  )  did  not  com- 
bine well  with  Ladino  clover.    Tho  orchard 
grass,  irrespective  of  how  it  was  ranagod, 
tended  to  crowd  out  the  clover  oven  during 
tho  first  season.    This  occurs  partly  be- 
cause orchard  grass  grows  vigorously  through- 
out tho  season  end  partly  because  it  producos 
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tussocks  or  bunches.    Animals  grazing  on  Ladino  clover 
mixtures'  of  this  grass  tended  to  graze  the  clover  grow- 
ing between  the  bunches  of  orchard  grass  much  more 
closely  than  they  did  the  clumps  of  grass,    This  oc- 
curred even  though  the  orchard  grass  was  "kept  in  a  young, 
active,  vegetative  growth  stage  at  all  timos^    As  a  re- 
sult '  of  pr  of  ere  ntia  1  grazing,  tho.'stcnd  of  orchard  grass 
continually  improved  and  the  stand  of  clover  deteriorate d . 

These  observations  may  explain  why  in  Massachusetts  orch- 
ard grass  in  La  dine  -clover  seeding  mixtures,  invfriably 
crowds  0'it^. 'Lcdino  clover,  completely, '"  after  throo  or  four 
years -L:._£  results  in  a  pure  strnd  of  orchard  grass. 

The  most  promising  mixtures  using  orchard  grass  were 
'those  -which;- included .  a  lfc  If  a  a  nd  which  were  cut  for  hay 
before  being  grazed.    For  this  purpose,  tho  later  matur- 
ing pc  sturc  strains  (S26  arid  S143)  wcro  much  superior  to 
the  hay  strains.    There  is  a  real  need  for  s  hay  strain 
■which  will  mature  from  a  vjcck  to  10  days  later  than  do 
a  ny  '  st r  ai  ns  .  h  ow  a  va  i  la b  lo  co mme  r  c  ia  1  ly  • 

-  The  hay-pasture  system  of  management  rather  then  pasture 
a  lono  appears  to- -have  excellent  possibilities  as  a  way 
of  utilizing. -a  number  of  those  early"     turing  grasses 
(bromc,  meadow  foscuo,  orchard)  not  oi  ly  in.  producing 
a  good  carlv  hay  croo  but  also  in  oroviding  excellent 
feed  for  midsummer  grazing-.  .'  In  those  experiments,  about 
two  tons  of  drv  hay  .wore  cut  to  the  aero  in  the  middle 
of  June,  followed  roughly  by  three  Quarters  of  a  ton  of 
dry  herbage  •  a  s  grazing  material  the  latter  part  of  July, 
about  the  same  quantity-  again  la  to  .in  ^u^us  t  and  by  an- 
other half  ten  early  in  October. 

Observations  on ■  palqtabi lity  indicated  that  timothy  ranked 
first-  anong  the  grasses  followed  in  order  by  brome  grass, 
meadow  fescue,  redtop,  orchard  grass,  and  tall  fescue 
(ivlta  strain).    Alfalfa,,  red  clover,  and  alsiko,  although 
quite  palatable  as  young  plants,  became  lc'ss  prlatable  than 
Ladino  clover  as  the  plants  became  older  and  developed 
woody  str;s  .     The  woody,  unpalatable  stem  growth  of  alfalfa 
is  a  ser.'_  .,us  handicap  to  the  use  of  this  plant  for  grazing 
purposes  * 

A  good  stand  of  alfalfa  was  obtained  in  all  of  the  hay- 
pasture-  mixtures  -  (Scrie  s  I)  but  only  weak  stands  woro  ob- 
tained when    n  early  period  of  grazing  took  the  place  of 
a  crop  of  hay  (Scries  II).    apparently  alfalfa  must  be 
allowed  to  become  v^ell-cstablishe  d  before  grazing  is  begun. 
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6*    Birdsfoct  trefoil,  under  tho  conditions  of  those  gxperi- 
" 'r.icnts *  -shewed  -no  pronise  whatsoever • 


Tabic'  !•   "Hey  end- grazing  yiolds  from  hay-pas turo  seeding  nix 
k,    tures  (Series  I)  .    Amherst  1941. 


:                                        ;  :Seed- : 
: '              ' ing;  i 
:       ••; .       .- ,       .  V.  -          '  srato;  : 
;       Seeding  nix turo        3  :  lbs;. : 

:  rp'er  .  : 
'■  sacra  : 

Pounds  of 

dry  natter  par 

0  ere 

Hay      ,  ; 

iGrazod  herbage : 

:Total 

ua  uo  « 
cut 

:Yld. 

.      Till  IT 

dUlV 

:  20 

:AugV. 
:  20  i 

:Uc  0  • 

:  10 

I. 

Meadow  Foscue  (illta)J  i 

•  -15  :  i 

June  6 

IGOOO  J 

0  0  0  r\ 

.1  con 

:  1520 

:9030 

La  di  no  .  i 

o  : 

2. 

Meadow  Fcscuc(Svalof )  i 

•  15--  : 

Juno  6  i 

:4o.l0 : 

.  1  <"  <"7  r\ . 

:  142  0  j 

:   o/O : 

:8270 

• 

Lcdino  .                       ;  i 

-     3.  i 

.'3  • 

Orchard  Grass  S14o    •  ; 

:  10  i 

:Juno  17: 

:3190 

:1890' 

?1520 

:  650 

:7250 

Ladino.  ! 

:     3  ; 

4 . 

Orchard  Grass vSc-cndia ;  : 

:  10  : 

•June  17 

:4100 

;1670 

:1220 

:  940 

:7930 

Ladino,  i 

:     o  : 

6. 

Br  one  Grass'  i 

15  : 

Juno  11 

,77[:a 

:  l'ioU 

•  n/n, 

'  y'lU : 

La  dino  j 

-O  i 

6. 

Qrcha  rd  Grass  326  : 

•5  . 

iJune  if 

lobb'U 

UoU 

;  0  /  u ' 

,  OOcU 

Alfalfa  ....  ;  : 

10  : 

Ladino  i 

i  ■'  •  . 
•  o  . 

7. 

Orcha  rd  Gra  s s  ( S c andic  )  : 

:    5  j 

■  June  1 r ; 

', I00U ' 

■  T  C  H  O 

!  lb  /  0  i 

1  0  /  u : 

,oc/in 
!  bb'lU 

Alfal.fa.  ; 

:  10  : 

:Ladino 

i  :  3  , 

8. 

>  < 

Br  one  Grass            •'  i 

•  10  . 

:Junc  11, 

:3800 

;2100- 

:1820. 

:  800: 

:  Alfalfa  i 

•10  ! 

Ladino                        -•■  i 

$  i 

9. 

!te  c  dew  Fo  s  c  uo  ( A  1 1 a )  : 

:  10  . 

:Juno  11 

:471'.\ 

2100 . 

:1950. 

:  720: 

:9480 

Alfa.ifa  ! 

*  io  :  i 

Ladino                   ;  i 

*  3;  : 

1Q .Orchard  Grass  SMS  j 

!    10  ! 

June  17: 

53520; 

:i740i 

:1520: 

;  720: 

:7500 

Alfalfa  j 

:  12  i 

74 


T o bio  1  •  ■  (-Co lit inuo d)  :  . •  ?• 
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NEW  HAMPSHIRE'  AGRICULTURAL  EXPERIMENT  STATION 

T.itlo:      A  Study  of  Pasture  Species  Under  Now  Hampshire  Con- 
.dit  ion's  •  "  •  '      ^  '■'" »'  •  : 

Leader:    Ford  S  .'prince,  Leroy  J.  Hig--gins,  and  Paul  ^,  Blood. 

.Work  progressed  during- the  year  On  selection  and  brood- 
ing of  timothy,  red  clover,  and  white  clover  strains.    In  ad- 
dition to  these  throe  species  on  which  wo  hrv?  been  concentra- 
ting our  attontion,   several  other  specios  are  being  studied  as 
to . growth  habits,  persistence  in  pasturos,  ability  to  rocover 
of tor  pasturing  or  clipping  and  like '  factors  which  arc  of 
economic '  importance.     In  these  studies  are  included  meadow  fox- 
tail,  ryograss,  orchard  grass,  Canada  blue  grass,  some  of 'the 
fescues,  yellow  trofoil  and  Birds foot  trefoil. 

T i no thy .    Plants  representing  two  typos  of  timothy  were 
so looted  during  the  autumn  of  1940.    One  of  these  was  a  vigorous, 
late -flowering,  hay  typej  the  oth:r  a  shorter,  but  very  pro- 
lific, semi-decumbent  typo  which  we  bolieVe  -may  resist  the  of- 
fc-ct  of  grazing  animals  to  a  greater  dogrco  than  the  more  erect 
strains.    Parent  sourcos  of  these  strains  were  drawn  from  plants 
in  our  nursery,  the  hay  type  being  represented  by  "native"  Not; 
Hemps  hire  timothy  from  wild  locations,  <and  from  certain  Scotch, 
Ohio,  and, Canadian,  strains*  while  the  pasture  "typo  was  derived 
.almost  wholly  from  "native"  stock  secured  by  picking  seeds 
from  old  pastures,  hedgerows,  roadsides,  never  more  than  one 
seed  from  each  plant.     (Of  22  plants  used,   17  were  "native" 
and  five  were  represented  by  Canadian  OiA.C.  pasture  type). 

_  . '   ..     The  plants  were  broken  up  and'  propagated  clonally,  in 
rows,  the.  hay  type  being  grown  in  an  isolated  location  in 
Greenland,  New  Hampshire,  and  the  pasture  type  on  the  college 
farm.    The  hay  type  was  represented  in  the  field  by 40  plants, 
divide d_  into  25  clones,  while  tho  pasture  type  represented  22 
mother  plants.    In  addition  to  the  field' work,  one  cutting 
from  each  plant  was  placed  in  tho  greenhouse.    These  wore  carried 
along  and  studied  at  intervals  for  different  characteristics. 
It  was  found,  for  example,  that  the  number  cf  culms  por  plant 
just  beforo  heading  averaged  35  for  the'  hay  type  and  69  for  tho 
pasture  'sort.    The  pasture  typo,  too,  was  characterized  by  hav- 
ing many  more  basal  loaves  than  the  hay  typo,  but  this  character- 
istic wa  s  not  nc a  s  ure d . 

Difficulty  was  experienced  in  bringing  the  plants  into 
head  in  mid-w inter  until  tho  photopcriod  was  lengthened.  This 
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was  done  merely  by  arranging  ordinary  electric  lights  over 
the  greenhouso  bench,  and  extending  the  natural  lighting 
period.    Our  conclusion  hero  was  tha  t  although  it,- was  not 
necessary  to  allow  the  lights  to  bum  all  night  to  force 
the  plants  into  heed,  still,  it  did  no  harm  to  do  so,  and 
oftqntiiTDS  when  inconvcriont  tb  turn  then  off  they  vjcro  al- 
lowed to  run  a  11  night  long.    During  the  blooming  process, 
the  two  plant  typos  wcro  separated'  and  ple'cod  in  difforont 
grepnhouscs  •       .;    .  '  '• 

Flowering  sta rtcd  in  February  and  a  snail  crop  cf 
scod  was  harvested  from  thc.se  .greenhouso  plants  in  .April. 
Nearly  all  of  tho  seed  producod  in  the  greenhouse  was  plantod 
in  long,  narrow  plots  in  the  nursery7"' in  August.    These  plots 
will  be  divided  next-year  and.  harvested  at  difforont  tines 
and  at  different  clipping  heights  to  note  the  comparative 
yields,  10  rsisterice,  and.  other  factors  under  various  types 
of  clipping.        ,   ::  •  « : :. 

Considerable  seed  was  harvost.od  frcn  tho  field  loca- 
tions and  wo  will  bo  prepared  to  distribute  snail  quantities 
of  seed  of  both  strains , in  the  spr ing  '  of  ••  1942  .    Early  in 
1942  wo  plan  to  nako  rather  extensive  plant ing  of  both  types 
for  field  testing. 

■  In  addition  to  the  .above  work  with  timothy*  we  now 
have  in  the  greenhouse  about  20  plants  each  of  timothy  fron 
four  sourcos :  ( l) ; fron  an  -  outstanding  "Milton"  plant;  (2) 
from  a  cross  made  in  1939  between  two  pasture  typos  %  (3  and 
4)  from  two  fanilies  which  woro  selected  in; 1937  and  which 
have  boon  grown  in  rod- rows.    The  lattor  two  strains  are 
from  native  sources  and  appear  to  have  somewhat  greater  re- 
covery power  after  clipping  than  most  of  the  other  lots  under 
observation,  ........  .* 

These  strains  are  being  solfod  this  winter  by  bringing 
then  into  flavor  at  different  times  by  regulating  tho  photo- 
period  in  the  greenhouso.  . 

Rod  Clover.    During  the  winter  of  1940-41,  reciprocal  cros- 
ses were  made  among  10.  f  ami  lie  s  of  red  clover  that  had  previously 
oxhibitcd  in  tho  field  P  peronnia  1-  tendency  •    Seeds  from  those 
crosses  were  plantod  and  these  are  again  being  hand-worked  in 
the  greenhouse  to  fix  the  perennial  tendency,   if  possible 
Furthermore,  plants  .from  each  cross  are  now  growing  in  tho  nur- 
sery. 


II 

Fie  Id -grown  progeny, .of  .tho  so  *ori£ina  1  12  plants  arc 
Crowing  in'-duplicato  plots  in  tho  nursory.    Although  tho 
amount  of  sood.Ct  our  disposal.was  small,  duplicate  plots 
are  being  grown  at  different  potash  lovols,  sinco  wo  havo 
found  in  field  trials  that  abundant  potash  tends  to  fevor 
longevity  in  red  clover.  . 

More' material  with  a  possible  poronnial  tendency  was 
gathorod  in  1940  and  this  is  now  also  bo'ing  grown  in  tho 
nursory,  having  boon  started  in  the.  groenhouso  in  the  spring 
of  1941  and  later  transplanted. 

Wild  White  and  Ladino  Clovor.    The  F-j_  generation  which 
represents  crossos  botwoon  Ladino  and  native  wild  white, 
Ladino  and  New  Zoc land,  and  Ladino  and  3-100  -was  propagated 
during  the  summer,  tho  seed  being  first  germinated  in  tho 
Seed  Laboratory,  pricked  into  flats,  and  later  sot  in' tho  nur- 
sery. 

Our  tcchniquo  with  rospect  tc  clovers,  end  more  especially 
the  handling  of  hard  seeds,  is  far  from  perfect.    Out  of  about 
1,000  individual  soeds  from  tho  vc  rious  crossos,  slightly  less 
than  100  plants  wore  secured.    Fortunately,  these  roprosontod 
all  of  tho  crossos  v/hich  wcro  made  in  cur  bee-proof  groenhouso 
in  1940, 

From  those  plants  thfit  wo  did  securo  and  which  are  now 
growing  in  tho  nursory,  many  appear  to  represent  the  form  that 
wo  desire,  that  is,  a  very  leafy  but  somewhat  larger  plant  than 
either  wild  white,  New  Zealand,  or  S-100  clovor.     In  other 
words,  they  have  the  required  loafinoss  but  still  lack  tho  size 
that  a  strain  of  whita  clovor  shoul'l  have  to  compete  with  tall 
grasses,  a  point  which  is  ono  of  the  favorable  attributes  of 
Ladino  clovor. 

puttings  of  15  of  those  F-i's  have  been  pottod  and  placed 
in  the  groenhouso.    An  equal  number  of  Ladino  cuttings  taken 
from  an  old  seoding  on  the  farm  of  Francis  Pcasleo  noar  Pitts- 
field  have  been  secured  and  these  aro  to  bo  used  for  purposes 
of  bsckcrossing *  ■  Backcrossing  is  now  being  accomplished  in  the 
groonh'ouso  and  tho  plan  is  to  continue  this  method  of  brooding 
in  the  hope  of  do vo loping  a  much  more  leafy  strain  of  clover 
similar  in  growth  habits  to-  Ladino. 

During  the  summer,  work  was  continued  on  tho  selection  of 
a  large  strain  of  native  wild  white  clover  by  choosing  some  of 
the  outstanding  plants  in  our  3-ycar  old  nursory  and  isolating 
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them  under  a  scroorio    This  ,  screen  was  so  arranged... that  boos 
could  be  introducod  to,  perform  the  necessary  pollination 
end  from  the  plants  so  isolated  we  havo  socured  a  vory  small' 
amount  of  sood  which  will  bo  sown  in  1942,  and  from  -which,  wa 
hopo  to  multiply  our  stock. 

Other  Species  end  Strains.    Observations  aro  boing 
made  on  many  other  species  and  strains  in  the  nursery  and  in 
the  greenhouse.    In  the  autumn  of  1941  cuttings  woro  takon 
from  orchard  grass  plants  that  have  boon  growing  in.  the  lo- 
cality of  Durham  for  2  0  years  or  more  and  these,. have  booh  placed 
in  the  greenhouse  to  determine  the  possibilities  of  producing 
sood.  .        .  -      .  ..  ... ..  .... 

t 

From  a-n  or iginol  planting  cf  isolated  smooth  bromo 
grass  plants,   seven  plants  with  a  creoping  tendency  have  boon 
isolated  and  pro pa ga tod  clcnally  for  seed  production  pur- 
poses o 

Ryegrass  sco.d  of  one  of  the  inprovod  Tfclsh  strains  was 
picked  from  a  farm  near  Jefferson  in  1940.     This  was  propagated 
and  the  plants  are  now  growing  in  the  nursery.    The  parent 
plants  bed  sui  vived  two  winters  in  their  Jefferson  habitat,  130 
miles  north  of  Durhamc 

In  addition,  wo  have  a  largo  number  of  plants  as  "well 
as  rod  rows  of  different  specj.es  and  strains  in  tho  nursery 
from  which  we  hopo  to  dra-.v  some  definite  conclusions,  or  so  euro 
breeding  material  later  on. 

Pasture  Trials  of  S po c ic s  e    New  s codings  woro  made  in 
tho  spring  cf  1941  on  the  ^ngqll  farm  in  tho  town  of  Lee  on 
a  Merrimack  loamy  sand  soil  involving  some  of  the  larger  grasses* 
each  seedod  aloro  with  Ladino  clover.    Seods  for  this  test  were 
supplied  by  the  Soil  Conservation  Servico  and  include  crooping 
bromo,  non-crcoping  bromo,  orchard  grass,  Victoria  perennial 
rye.,  creeping  red  fescue,  and  meadow  foxtail.    These  wore  sooded 
in  rather  largo  plots  end  will  bo.  includod  in  Mr.  ^ngell!s 
regular  system  of  rotation  pasture  ncria  gemont . 

Tho  worst  drought  in  45  years  was  experienced  in  Dur- 
ham in  1941.    None  of  the  months  during  the  growing  season  had 
normal  rainfall  and  during  two  of  these  months  less  than  one 
inch  of  rain  fell,  this  in  scattered,  small  showers  that  evapo- 
rated almost  immodiat cly*    The  season  was  also  one  of  high 
w inds  wh ich  induce d  excess ivc  cva r or a ti on • 
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Because,  of  the  abnormal  weather,  pasture  species  counts 
in  previously  established  plots  in  the  O'Kane  and  Angell 
pastures  were  not  made.    These  plots  are  being  continued,  how- 
ever.   Counts  made  in  the  autumn  of  1940  were  included  in  the 
report  for  that  year, 

Reseodlng  on  Old' Pasture  Sods,.   During  the  autumn  of 
1940  and  the  spring  of  1941,  experiment  el  seeding  s  of  Ladino 
clover  wore,  made  on  top  of  old  pasture  sods  in  the  towns  of 
Durham,  Fromont,  a  nd  Hollis,    In  somo  instances  Kentucky 
blue'grass  and  rodtop  wore  includod  in  the  socdings  end  various 
fertilizers  were  applied  to  portions  of  the  plots  to  note 
differences  in  germination  and  growth,    Ladino  clover  was 
chosen  since  it  is  possible  to  identify  tho  plants  and  chock 
the  response  to  better  advantage  than  if  c.  smeller  strain  of 
white  clover  wore  used, 

Soodings  wcro  mado  about  November  1,  1940,  and  April 
1,   1941,    Somo  improvement  in  the  sod  was  noted  from  tho  Jlovem- 
ber  seeding  but  none  was  noticoablo  from  the  April  trials. 
Here,  again,  tho  effect  of  the  drought  vjas  -.rent. 

Title:      An  Experiment  in  Top-Dross ing  Old  Pasture  Lands  with 
Lime  end  Fertilizer^ 

Leader:    Ford  S,  Prince,    and  Paul  T.  Blood, 

History  and  Previous  Work ,  _  (jP.  H.  Bulletin  320)  .  This 
experiment  was  continued  in  two  locations  with  certain  modifi- 
cations in  treatment,    Fundamentally,  tho  trials  are  quite 
similar,  although  one  is  located  in  oa stern  New  Hampshire,  while 
the  other  -is  situated  in  tho  Conne  ct icut  -Va llcy  area  in  tho 
wostern  part  of  the  state.    Modifications  during  the  year  in- 
volve delaying  tho  applications  of  nitrogen  on  porta in  plots, 
some  alteration  in  other  fertilizer  treatments,  end  noting 
difforencos  in  vegetative  cover, 

Tho  Livingston  pasture  (Connecticut  Valley)  is  especially 
responsive  to  fertilizer  changos •    Continued  use  of  nitrogen 
alone  even  under  close  grazing  will  eliminate  wild  white  clover, 
whereas  changing  to  a  complete  fertilizer,  or  to  a  fertilizer 
containing  potash  and  phosphoric  acid  will  cause  the  reappear- 
ance of  clover  within  a  month  of  its  application,  if  such  ap- 
plication is  mode  in  tho  spring. 

Yield  records  from  both  pastures  wore  taken  in  1941, 
but  due  to  drought,  yields  wore  very  low.    Fertilizer  treat- 
ments were  last  appliod  in  the  spring  of  1941  • 
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~  Studies-  on  Old  Pasture  Soils.    Although  it  had  boon 
our  plan  to  discontinue  work  on  tho  Scavcy  pasture  (eastern 
New  •Karapshiro.)  th  is.  study  was  continued  during  1941  in  ordor 
to  conduct  soil  studios. on  certain* treatments  In  both  pastures 
which  have  been  top-dressod  over  a  long  period. 

During  the  autumn  of  1941,  core  samples  wero  taken  on 
both  pastures  to  determine  changes  in  soil  structure  and  or- 
ganic matter  content  duo  to  treatment.    Yields  have  varied 
significantly  through  the  years  and  wo  now  desire  to  learn 
to  what  extent  soil  conditions  have  been  changed  either  dir- 
ectly by  treatment  or  indirectly  because  of  increased  root  systems 
of  the  crops  grown  there. 

Ton  core  samples  have  been  secured  from  oach  plot  and 
these  are  being  analyzed  for  aggregation  of  particlos  in  the 
0-2,  2-4,  and  4-6  inch  horizons.    Upon  the   completion  of  the 
work  on  aggregation,  organic  matter  dc terminations  will  be 
made  on  the  samples,  by  levels,  to  sec  what  correlation  exists 
between-  aggregation,  organic  matter,  and  yields.  ■  This  work 
is  now  in  progress  in  the  laboratory  and  a     r  port  on  aggregation 
and  organic  content  should  be  ready  in  1942. 

NEW  JERSEY  AGRICULTURAL  EXIERIMSNT  STATION 
Department  of  Agronomy 
Title:      Residual.  Fertilizer  Studies  on  Permanent  Pasture  Sward. 

Leaders:  H.  B.  Sprague,  Gilbert  H.  iihlgron,  and  \rI ,  Ward 
Ecndorson. 

Series  I.    Comparison  of  lime  and  minerals  -  lime  pre- 
ceding minerals. 

Series  II.    Comparison  of  three  strains  of  whit o  clover 
in  conjunction  with  line  and  mine  rale. 

Series  III.     Test  of  phosphates  from  various  sources; 
with  and  without  .  lime •     (includes  calcined  phos  .,  Ca-metcphos  •  j 
Di-sodium  phos.,  and  suporphos  „)  . 

'       S erics  IV.  ■  Test  of  Calcium  silicatos  (quenched  and  un- 
quonched) • 

Series  V.    Glycerophosphates  (included  Ng  and  ca~ 
g ly c or  o ph  o  s  ph ate)  • 


Scrios  VI.    Ethyl  phosphate  series. 
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Those  pasture  plots  ware  established  severe.  1  years 
ago.-    Lino  or  minerals  -wore  added  to  some  plots  in  1939,  and 
to  others  in  1940,  none  in  1941,    Nitrogen  was  applied  in 
April  ,  with  additional  amounts  in  June  on  certain  dosignatod 
plots.    All  plots  woro  mowed  regularly  at  14-day  intervals. 

Conclusions  for  1941.     (l)  There  was  a  substantial 
residual  effect  from  lime  and  mineral  fertilization  as  measurod 
by  total  yield  and  percentage  of  clover.     (2)  :  The  combination 
of  nitrogen  and  mineral  fertilization  stimulated  yields  but 
caused  a  s'trong  reduction  in  percentage  of  clover. 

Title:      Comparative  Yield  Tost  and  Cutting  Treatments  for 
14  Grassos  end  3  Legumes. 

.Loaders:  H.  B.  Spraguo,  Gilbert  H.  Ahlgron,  and  Wi  Ward 
;  Henderson. 

The  species  in  this  test  were  planted  in  late  August  and 
did  not  produce  good  stands,  duo  to  extreme  fall  drought. 
Spring  rc  seeding  of  both  grassos  and  legumes  appears  to  be  no  cos 
scry.    Cutting  ratos  favorable  for  Lcdino  clover  and  for  wild 
white  elbvor  are  to  be  practiced. 

The  grass  species  arc  as  folic/; s:  .meadow  fescue,  tall 
fescue,  timothy,  rood  canary,  bromc,,tall  oat,  orchard  grass, 
Kontucky  and  Canada  blucgrass,  Italian,  and  peronnial  ryograSS 
rodtop,  red  fescue,  and'  colonial  bontgrcss.    The  threo  legumes 
arc;    Birdsfoot  trefoil,  Kent  wild  white  clover,  and  Ladino 
clover.    The  legumes  were  seeded  c cross  the  grass  plots,  so 
that  oach  legumo  will  bo  obsorvod  in  combination  with  oach  of 
the  gra  ssos •  * 

Title:    Comparative  Test  of  Grassos  and  Legumes  under  Grazing 
Conditions. 

Leaders  :H.  B.  Spraguo,  Gilbort  H.  Ahlgren,  and  W.  Ward 
Henderson.  • 

The  grass  species  in  this  test  include  the  following: 
tall  meadow  foscuc,  orchard  grass*  Kentucky  blucgrass,  reed 
canary,  timothy,  brome  grass,  and  meadow  foxtail j  and  the 
legumes  arc:    Lcdino  clover,  birdsfoot  trefoil,  Kont  wild 
white  clover,  strawberry  clover,  crimson  clover,  and  sub- 
terranean clover,  and  Korean  lespedozc.    The  planting  was 
na  do  in  la  t§  Augus  t  •    At  or  e s e nt  it  a  ppc c r  s  t ha  t  the  gr  a  s  s  c s 
will  survive  the  winter,  but  that  the  legumes  may  neod  to  bo 
resoedod.    Tho  legumes  wore  seeded  across  the  grass  plots, 
so  that  oach  legumo  will  be  grown  with  each,  of  the  grassos. 
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Title:      Demonstrations  oh  Establishment  of  Improved  S*pocios 
in  Permanent  Pasturos  »  ■ 

Leaders  :  H,  B,  Sprague,  Gilbert  H,.Ahlgron,  and  Yl»  Ward 
Hendorson. 

Six  cooperative  posture  demonstrations  on  farm  past uros 
were  located  in  Cumberland,  Huntordon,  Morris.,.  Sussex,  and 
'V/orrcri  counties,  in  August  and  September  1940.    For  comparison, 
a  standard  grass  and  legume  mixture  recommended  by  the  stction, 
and  a  special  sood  mixturo  made  up  of  supposedly  superior  strains 
of  species  from  tho  U,  S.  Dopartmont  of  ^griculturo,'  were  planted 
at  the  seme  time  and  under  equal  conditions  .    Both  mixtures  wore 
markedly  superior  to  the  unimproved  pasturo  or  tho  local  sood 
mixtur  e  'in  terms  of  dry -matter  roturns  from. periodic:  clippings. 
In  establishing  theso  trials,  the  old  sod  was  diskod,  lime  and 
a  complete  fertilizer  was  worked  in,  and  manure  tags  spread,  if' 
available,    Tha  old  sod  was  partially  killed  by  this  treatment, 
thus  providing  an  opportunity -for  now  soodings,- 

Title:      Grass  and  Logumo  Introduction  Nursery, 

Loaders:  H.  B.  Sprague,  Gilbort  H.  Ahlgrcn,  and  W.  Ward 
Henderson, 

■    About  250  species  and  strains  of  grassos  and  legumes 
aro  under  observation  as  to  thoir  possibilities  for  pasture, 
hay,  erosion  control,  mulch,  and  lawns,' 

'  T  it le :      Un  if o  r m  Gr  a  s  s  o  nd  Le g  umc  Nur s  o ry  , 

Leaders:  H.  B.  Spraguo,  Gilbert  H.  Ahlgron,  and  W.  Yfard 
Renders  on, 

■  m 

Both  row  tests  and  small  plot  tests  of  50  grass  strains 
are  under  observation.    Studios  on  growth  habit.s  and  yielding 
ability  are  the  moin  objectives.    One  o.r  more  strains  of  each 
of  tho  following  species  aro  under  test:    Kentucky  bluegrass, 
rood  canary,  timothy,  Italian  ryegrass,  perennial  ryograss, 
meadow  foxtail,  r-oadow  fescue,  bromo  grass,  rod  fescue,  rodtop, 
volvet  bent  grass,  and  Canada  bluegrass* 

Department  of  Dairy  Husbandry 

Titlo:      Belle  Ellen  Pasturo  Experiment, 

Leader:    C,  B,  Bendor 

Fifty-seven  head  of  milking  Guernsey  cows  posturing 
45  acres  of  variously  fertilized  pasturos  under  rotation 
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fmanag.oment  obtained  ; 60%  of -  their  •nutrients  }from.  pasture  • 
They,  produced  a-  coolly  average  of  30.2  pounds  'of'  \if0  fat  cor- 
rected, milk,.,  with  limit  ad'  supplemented  #gra.in  and  hay  feed- 
ing for  a  grazing  period  of  136.5  days. 

Title:  .Fertility  Levels  on  Dairy  Farms. 

Lea  dors  ;£■•  3..  Bender  and  Firman  E.  Boar. 

•  An  attempt  "will  bo  made  to  dctcrmino  the  optimum 
levols  of  fqrtility  for  the.  production . of  pasture  grasses  - 
and  legumes.    Teh  pastures  on  Bbllo  Ellon  farm,  ranging 
in  sizo  from  4  to  7  acres,  have  been  divided  into  four 
areas  (without  fences)  representing  four  fertility  levols 
to  bo  employed. 

Fivo  of  the  pesturos  aro  devoted  to  bluograss -white 
clover  mixturos  and  five  to  Ladino  clover  mixtures.  In 
each  of  the  groups  of  fivo,  one  pasture  is  , used  for  a  lime- 
. stone*  one  for  a  phosphato,  one  for  a  potash,,  one  for -a 
nitrogen,  and  ono  for  a  manure  expe rime nt.  .  The  conditions 
arc  standardized,  at  an  ostir.atod  optimum,  with  reference 
to  ell  of  the  fertility  elements  except  the  ono  undor  test. 

.   ATho  standard  /treatment,  on  an  annual  basis,  as  top- 
dressings,  on  tho  fivo  permanent  pc  stur os  is  : 

I.:  :  50  pounds  P2O5  , ; '; 

50  pounds  Yjt>0 
..  .  =         50'  pounds  N  (as  needed) 

Limestone  to  pH  6.0  for  .top 
3tt  inches  of  soil 

Pasture  1.    In  testing:  for  the  P2C5  needs  of  :the  soil 
ojid -crop,  50  pounds  each  of  .KgO  and  N  are.  supplied,  with  pH 
6.0.    The  four  phosphato  levols  are  0,  25,   50,  and  100  pounds 
of  P2O5  per  acre. 

Pasture  2.    In  testing  for  the  K2C  nc  o  ds~  of  the  soil 
and  .crop,  50  pounds  each  of  P2O5  and  IT^arc  supplied  with  pH 
6.0.    The  four  potash  levols  aro  0,  2  5^  50,  and  100  popnds 
of  K2O  per  acre. 

Pasture  . 3,    In  testing  for  the .  N  noods  of  the  soil. and 
crop,  50  pounds  "each  of  P2O5  and  KgO  crc  supplied  with  pH  6.0. 
The  four  nitrogen  levols  aro  0,  2  5,  50,  and  100  pounds  of  N 
per  acre  "(half  in  i*pril;  ha  If  in- June  ) . 


Pasture  k*    In,  testing  for  the  ,  lime  stone  needs  of:  the 
'soil  and  crop,  50  pounds  sach  ofV^C^,  K2O,  and  K  are  applied 
over  the  whole  field.    Four  pH  levels  are  maintained  at  natural 
pH,  and  at  5,  6,  and  7. 

Pasture  5.    In  testing  for  the  manure  needs  of  the  soil 
and  crop,  50  pounds  of  J^Or  are  applied,  with  pK  6.    The  four 
manure  levels  will  be  0,  2-g,  5,  and  10  tons  *per  acre.  .. 

''    The  standard  treatment  on  an  annual  basis,  •  as  top- 
dressings  on  the   five  Ladino  clover  pastures  is: 

50  pounds  PgOg 

100  pounds  KgO 
No  nitrogen 

Limestone  to  pH.6.0,  for  top 
7  inche  s  of  soil 

Pasture  1*    In  testing  for  the  P2O5  needs  of  the  soil 
and  crop,   100 -pounds,  of  K^O  are  supplied,  with  a  pK  6.0.  The 
four  phosphate,  levels  are  0,  25,  50,  and  100  pounds  of  ^3^5 
per  acre .  .'•    •.•  '■        ■  '  :  . 

■  Pasture  2.  In  to  sting  for  the  K2O  needs  of  the  soil 
and  crop,  50'  pounds  of  £365  a.rc  supplied,  with  a  pH  6.0.  The 
four  potash  levols  are  0,  50,  100,  and  200  of  K2O  per  acre. 

Pa stur e  3.     In  testing  for  the  N  needs  of  the  soil 
and  crop,  50  pounds  of  PgO^  and  100  pounds  of  K?0  are  sup- 
plied with  pH~.6.0..  The  four  N  levels  arc  0,   12      25,  end 
50  pounds  of  N  per  acre. 

Pasture  4.    In- testing  for  the   limestone  needs  of  the 
soil  and  crop,"  50  pounds  of  P2O5  end  100  pounds  of  K^O  arc 
supplied5.    The  four  -pH  le.vols  are  the  natura !•  pH,  and .  at  5, 
6,  and  7.  .  ,. 

Pasture  5.  '  In  testing  for  the  manure  needs  of  the 
soil  and  crop,  50  pounds  of  P2O5  and "'50. pounds  of  KgO  are 
supplied  with  pH  6.0.    The  four  rcnurc  levels,  arc  0,  2-J-,  5, 
and  10  tons  per  acre.  .  , 

Yields  will  be  estimated  on  an  acre  basis  by  total 
dry  weight  on 'each  quarter  of  the  pastures,   samples  ob- 
tained by  random  clipping, .  ha rvc s ted  just  before  the  cattle 
arc  turned  into  graze.     If  unequal  grazing  occurs  on  any 
part  of  a  pasture ,  the  mower  will  be  used  to  equalize  the 
growth. 

Conploto  rocords  will  bo  kept  of  yields  and  costs,  and 
analysis  of  soil  and  horbagc  will  be  made  from  timo  to  timo. 
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Titlo:      Pasture  Fortilizat ion  in  Rolation  to  Carrying  Capacity 
(Yfyker)  •  , 

Leader:    C,  B,  Bonder. 

The  Wykor  Farm  produced  in  1941  an  average  of  2180  pounds 
of 'total  digestible  nutrients  per  a  cro •  •  A  tota  i  :of  69  Hclste  in 
and  Guernsey  dairy  heifers  grazod  the  44  acres  under  rotational 
management  for  an  average  of  189.8  one  thousand  pound  cows  dur- 
ing a  grazing  period  of  98  days. 

Titlo:     ' Now  Pasture  Species* 

Leader:    C.  B.  Bondor.  - 

Observations  as  to  palatability,  recovory  aftor  grazing, 
and  covorago  of  the  ground  of  15  plots  of  l/40  acre  each  socdod 
in  August  1940  and  grazed  by  dairy  heifers  in '1941  aro  roportod 
in  tablo  1. 


Table  1.    Pure  cultures  of  now  pasturo  species. 


Herbage  i 

analysis 

7i,        Ran&^of  z 

:    %  of  volunteer  spocios  1 

• 

:  spocios 

riot; : 
J>io  .  : 

:      Species  : 

of    —  jr> 
/o   Of  ! 

S  own  : 
Spocnc  s  : 

•  3  i 

■ 

r  .V.J 

:    >Q  : 
:  V  ! 

!     k  : 

;    \*2  ■ 

:    $  :<: 
:^: 
:         ;  <  : 

:M 

i 

:     s  Or- 

1  : 

Orchard  S-26: 

69.6  ; 

;12.6: 

:  5.5: 

6.3: 

5  94.0. 

:  2: 

:  3: 

:  5 

2  : 

Orchard  Bra  go: 

73.1 

Sll.l! 

3.4: 

:  3.4; 

:91.0: 

:  2: 

:  3, 

:  3 

3  : 

.Tail  Cot  Grass  : 

68.1  : 

12.6: 

:  10. 3  i 

{91.0. 

:  4. 

:  1. 

!  6 

4  ! 

Meadow  Fescue : 

72  .7  s 

17.3: 

:90.0: 

:  7. 

:  4: 

!  4 

5  : 

:Tall  Fescue  : 

75.2  . 

:17.6: 

:96.0: 

:  7: 

:  4: 

:  2 

•;  .6  : 

Rood  Canary  : 

.81.9  : 

10.1 

:  2.6 

:     o  .4 

:98.0 

:  3 

:  2. 

:  1 

7  : 

iBromc  S valof : 

Annual  c 

crly 

kill 

8  j 

•Timothy  Cor-; 
:  no  11  4030  : 

44.5  . 

:14.8. 

18.5 

:12.0 

:  .  4.2 

:94.0; 

:  1: 

:  5: 

:  9 

9  j 

Timothy  Cor-: 
noil  4038  j 

41.6  i 

:19.3; 

;  4.9. 

:13.8: 

:  5.0 

:  ,7.4: 

:92.0 

:  1. 

:  5, 

:10 

10 

:Timothy  Vfclshs 
S-50  '  i 

35.0  i 

:18.5 

:  7.5 

:25.0 

:  2.5. 

:  1  .  5 

:90.0 

:  1: 

•  6: 

.12 

11  : 

iMoadowFbxtail: 

41.6 

:20.0 

:10.0; 

:  3.6 

:  2.8 

:  7.0 

:90.0: 

:  5: 

:  5 

:12 

12 

:Danish0toftc ; 

:  Blue grass  : 

:  50.4  ', 

:21.7: 

:21.7 

•    1  9 

:95fc0 

:;6 

:  5. 

:  7 

13 

;Canac^  IhKJiee  p- 

;  ing  Bromc  : 

:  29.6  i 

:25.2 

:18,0i 

:10.6 

:  4.6 

:88.0 

:  5; 

:  6; 

:13 

14 

:C  re  oping  i 
:  Bror.o  : 

;  49.8  i 

:11.5' 

:18.6: 

:11.5 

;  1.6:: 

:93.0: 

:  4. 

!  5 

:  8 

15 

:Birdsfoot  s 

:  Trefoil  : 

i  40.2 

:19.4 

:20.6 

:  6  .4 

:  5.4 

i 92 . 0 ' 

:  8, 

til 

Title:      Ladino  Clover 

Leader:     C.  3.  Bondor  •  .  < 

.-  ''  An  -op  on  pasture  sod  seeded  to.,  one.  pound  per  acre 

of  Ladino  clover  in-r  April  .1939  contained  .60%  Ladino  in. 

the  'fall;  of  .1941.;  ■! m  '. 'S -:X I " .'.'.    .  .'  .'. 

Ladino  seeded  in  a  dense  Kentucky  blue-grass  sod  ■ 
in  April  1940,  followed  by  a  5-ton  manure  application, 
showed  c  ount  of  31%  Ladino  ^in  the  fall,  of  1941. 

A  plot  of  Orchard  S-26  and  Ladino  at  the  end  of 
the  second  year  showed  a  population  count  of  45%  orchard 
and  55%  of  Ladino,*/    The. plot  yielded  well,  recovered 
.quickly  after  grazing,  was  highly . palatable,  and  pre- 
sented a  good  balance  of  grass  and  , clover  for  pasturing 
purposes,  with  the  exclusion  of  volunteer  species.- 

New  combinations . of  Ladino  being,  tried  on  a  field 

"     *  ......  V?  .  11  t   .       •  •  \ 

scale  are  Ladino  and  Milton  timothy,  Ladino  and  Brag e 
.Orcha/rdy  Ladino'  and'  s:':ooth,.bro::e.     Those  pastures  will  • 
be  'p*aTod7by  rl a;ctrat±ng-  :dairy.  animals  -in  1942 . 

Ladino-Reod  canary  c or.ibiiiation  yielded  8.7  tons 
green,  weight;  per . aero  in  two  cuttings. with  approximately 
throe  tons,  of  third,  growth  material  remaining  in  stand 
for  winter .  cover ..  .This  is  ft  vory  promising  combination 
for  low-lying  areas."  ,  " 

Title:      Grass  Silage  " 

Leader:     C*  B.  Bender 

Effect  of  Oat'  ?ea  Phosphoric  Acid  Silage  on  the 
Calci um  Fho sphorusf  Me  ta  b- TlTsrT  of  TJa Try~Ii 6Tfers7  Throe 

experiments  wore  carried  out  to  study  the  effect. of  oat- 
pea  oh o s p horic-  ac i d  si  1 ! x g e  , ) n  the t  calcium,  phosphorus,  and 
nitrogen  metabolism  of  dairy  heifers  oyer  a  period'  of  five 
mpnthsj*    Eight  Ho-l-stoin  heifers  were  divided  into  four 
groups  of  two  heifers  each  as  follows: 

•  Group  I.     Phosphoric  acid  silage  alone. 
Group  II',  Pho'sphoric .  acid  silage  plus  ground 
......  '  lino  st  one.  : 

Group  I II. Phosphoric  acid  silage,  :iix0d  tin- 

othy,  and  olover  hay.  * 
Group  IV.  Phosphoric  acid  silage,  nixed',  tim- 
othy, -'and  clover  hay  and  4  pounds-  , 
of  "grain  oa'chv 
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TVockly.  analyses  were  made  for  calcium' of  the  blood 
_sorun,,  inorganic  phosphorus  of  the  blood  plasma,  and  pH ' 
of  the  urino.     The  inorganic  phosphorus  of  the  blood  ;in- 
c  r e  a  sod  sharply  ,  in . all  group  s  soon  after  the  anina 1 s  were 
placed  on  the  experimental  rations  while  tile '■  c aid ium  of 
tho  blood ,  serum  remained  nearly  constant  throughout  tho 
experiments    The,pH  of  the  urino  decreased'  in  all  groups 
during  tho  first  five  weeks  of  the  expo rinent.  iihimals 
which  received  phosphoric  acid  silage  alone- produced  urine 
of  lower  pli  than  those  which  received  lime  stone  supplement. 
This  indicated  that  the.  limestone,  when  added  as  a  supple- 
ment; to  tho  phosphoric  acid  silage,  contributed  favorably 
tj  the  acid-base  ec  ;:.omy  of  the  heifers. 

Calcium,  .phosphorus,  and  nitrogon  balance  studios 
were  made  on  the  heifers  after  thoy  had  rocoived  phos- 
phoric acid  silage  for  a  period  of  123  days.     All  heifers 
were,  in  positive  calcium  and  phosphorus  balance  during  the 
12 -day  balance  trial.     The  animals  during  tho  mineral  bal- 
ance trial  were  maintained  at  approximately  the  same  nitro- 
gen intake.     The  daily  positive  retention  of  nitrogen  was 
tho  highest. in  Group  IV,  receiving  phosphoric  acid  silage, 
hay,  and  grain.    Heifers  in  Group  II,  receiving  phosphoric 
acid-silage  plus  lime st mo  supplement  wore  in  a  positive 
nitrogen  balance  whilo  heifors  in  Group  I. were  in  a  defi- 
nite negative  nitrogen  balance.     Tho  only,  variable  factor 
between  those  two  groups  was  tho  limestone  supplement. 
This  indicates  that  a  mineral  acid  diet  favors  a  greater 
excretion  of  nitror;on  than  a  basic  diet. 

A  Study   ;f  the  Feeding  Value,  Effect  of  Growth,  pH 
of  the  Urino  ""and  Di'^olPcibiiTtv  of  THTs^pnoric  Acid  Grass  silan 

When  Fed  to  Dairy  Heifers,     Phosphoric  acid  oat  and  pea  —  ~ 

silage  and  phos^n^rTo""acid  oat  silage,  when  fed  with  lime- 
stone, were  found  to  be  equal  in  feeding  value  to  the  some 
crops  preserved  with  molasses  and  to  corn  silage,  using 
growth  as  the  criterion.    Mixed  hay  and  silage  in  the 
proportions  fed  did  not  support  normal  gains  in  one  ex- 
periment. , 

Phosphoric  acid  oat  and  pea  silage  and  phosphoric 
oat  silage  when  fed  alone  decreased  tho  pH  of  the  urine 
of  the  animals  to  below  6.0.     The  addition  of  limestone 
corrected  this  in  the  case  of  oat  and  pea'  silage  but  had 
no  effect  on  tho  pH  of  the  urine  in  the  case  of  oat  silage. 
However,  when  limestone  was  added  to  the  ration  of  phosphoric 
oat  silage  it  had  a  sparing  effect  on  the  base  reserves  as 
indicated  by  weight  gains  when  compared  to  the  weight  gains 


of  tho  group  receiving  the  phosphoric  acid  silage  alone* 
Mixed  hay  did  not  correct  tho  pH  of  the  urine  but  increased 
it  slightly  when  fed  with  phosphoric  acid  silage.  Nomal 
values  for  the  pH  of  the  urine  were  established  two  wooks 
after  the  feeding  of  phosphoric  acid  silage  was  terminated. 

Digestibility  coefficients  were  determined  for  phos- 
phoric, acid  oat., and  pea  silage  in  a  15-day  digestion  trial. 
No  significant  effect  on  digestibility  was  found  when  line- 
stone  was  added  to  the  silage. 

Phosphoric  acid  grass  silage  was  found  to  be  a  sat- 
isfactory roughage' whon  fed  with  line  stone  and  nixed  hay. 
When  fed  alone,  .phosphoric'  acid  grass  silage  loworod  tho 
pH  of  the  urine  to  below  6.0  in  the  dairy  heifer.  This  was 
corrected  in  the  case  of  oat  and  pea  silage  by  the  addi- 
tion of  limestone  but  Was'  riot  corrected  in  the  case  of 
oat  silage,    A  mixture  of  one-half  lino  stone  and  brie-half 
equivalent  in  neutralizing  paw  er  of  sodium  bicarbonate 
corrected  the  pli  to  above  7.0  in  the  case  of  phosphoric 
acid  oat  silage.     3fp  appreciable  difference  was  found  in 
the:  digestibility  of  phosphoric  acid  grass  silage  when 
fed  alone  or  when  supplemented  with  line  stone. 

The . Milk  Production  Values  of  Molasses  Grass  Silage, 
Phosphoric  Acid  Grass  Silage,  and  Corn  Silage.     Two  con- 
tinuous feeding  trials  with  three  groups  of  cows  were  con- 
ducted to  determine  the  production  values  of  molasses  grass 
•silage,  phosphoric .  acid  grass  silage,  and  corn  silage. 
Each  experiment  covered  18  Weeks  and  15  animals  were  fed 
in  each  case.     There  was  practically  no  difference  in  the 
performance  of  the  two  grass  silage  groups,  but  there  was 
a  slight  advantage  for  the  corn  silage  group  in  perfornance 
as  measured  by  4%  nilk  production,  por  pound  of  total 
digestible  nutrients  consumed  and  by  body  weight  changes. 

Although  there  appears  to  be  a  tendency  for  corn 
silage  to  have  a  higher  production  value  than  the  other 
two  silages,  the  results  obtained  in  the  two  experiments 
justifies  the  conclusion  that  the  difference  between  tho 
three  silages  is  so  slight,  when  compared ras  to  nilk  pro- 
duction, total  digestible  nutrient  consumption,  and  body 
weight  changes,  that  it  is  within  the  limits  of  experimental 
error.     From  tho  results  of  these  experiments  it  can  bo 
concluded  that  molasses  grass  silage  or  phosphoric  acid 
grass  silage  is  equal  in  feeding  value  to  corn  silage. 
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Ilanural  Values  of  Pho  sphoric  Acid  Silago  and  Holes  so s 
Silage.    Manure  was  collected  twice  weekly  for  a  6-iTooks 
period  and  stored  in  cenent  pits  undor  cover*    Aside,  fron 
the  silages-  fed.  and  the  addition  of  lino  stone  to.  the  acid 
silage,  conditions  wore  the  sane* 

Table  2.    Analysis  of  nolasses  and  phosphoric  nanures  on  an 
air-dry  basis. 


:Dato  •  sanplo: 

Manure  : 

:      taken  « 

,%  Nitrogen- 

\%  Ash  i 

\%  Calciur.i- 

;%  Phosphorus 

Mo  las  ses j 

1  ..v:. 

:      1-27   ,    . < 

:     .   1..59  : 

:  9.87; 

1.43  : 

!:  0.49 

.•  2 

!      .2-28  ; 

:        1.40  -  ! 

:  12.38' 

:  1.26 

::  0.39 

.  3  : 

:      3-2  : 

:.       i.24  : 

:  11.67: 

:  1.17 

!  0.39 

'  !'  ;4  '  i 

U     5-1  ; 

U  1*40 

:  11.59: 

:        1.14  • 

;  0.43 

■:      .      5  ) 

:  11.06- 

:  1,36 

•  0.48 

Average  : 

1.41  i 

:  11.31: 

1,27  - 

:   ...  0.44 

H3PO.i  , 

-    1  : 

1-27  ;.: 

:  •      1.36  i 

s  11,45 

i  1.67 

1.08 

2  J 

;•      2-28   ,    ;  : 

:     ■  1.26 

:  13.47: 

:.  1.43 

!.  0.88 

.  3  : 

{  :    3-2   •    .  .1 

:     .  1.28 

:  13.82: 

t.      .  1.69 

:  1.00 

4  : 

:  5-1 

:        1.29  • 

:  16.94 

:  1.22 

:  0,96 

:       5  -j 

;  13.95 

:  1.70 

:   .  1.12 

Average 

:  1.30 

:  13.93 

i  1.54 

:  1.01 

Thoro  is  little  or  no  difference  in  per  cent  nitrogen. 
The  group  receiving  the  phosphoric  acid  silage  seei.is  to  have 
higher  values  consistently  for  ash,  but  that  could  probably 
bo  best  exphinod-  by  the  fact  that  the  sand  fron  the  aisles 
probably  was  not  evenly  distributed  through  the  nanure.  In 
per  cent  cclciun,  the  phosphoric  acid  silage  group  also  has 
higher  values.  The  added  line-stone  accounts  for  that  differ- 
ence, however.     In  per  cent  phosphorus  the  phosphoric  acid 
silage  gave  twice  as  great  a  value  in  every  case  -as  did  the 
nolasses  silage. 

A  Study  of  the  Fomentation  Products  of  Alfalfa  Silage 
Preserved  with  Phosphoric  Acid.    An  exporinont  was  sot.  up 
to  nafce.  a  •study  of  the  chonical  changes  taking  place  in 
alfalfa  phosphoric  acid  silage-.     The  study  was  to  begin  at 
the  tine  of  ensiling  the  alfalfa  and  to  extend  over  a  period 
of  34  days. 
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A  concrete  silo  at  Bcenerville  was  used.     The  alfalfa 
-V^^^idBl?^^1.^*^^^ !^^rfcfcL2.fe^:-^^^*d^-  °£  bl ended-. pJaQ.-sph.oric  acid  per 
ton.     The  acid  was  diluted  with  equal  part's  of  water  and  ap- 
plied by-gravity  at  the  cutter.    A  total  of  94.9  tons  of 
green  alfalfa  Was  put  up  for-  silage.    Most  of  the  alfalfa 
was  in  throe-fourths  bloom,  with  a- herbage  count'  of  an  aver- 
age 83.5%  alfalfa,  8,3%  grass,  mostly  timothy,  3.6%  red 
clover,  and  5.6%  weeds. 

At  a  10 -foot  level  a  float  was  placed  on  the  silage 
and  a  r  epr  e  s.entA.ti  v.e. .  sampl  e  t  aken. . .  After .  that—at  differ- 
ent intervals  samples' were  taken  for  a  period  of  34  days. 
After  the fir st.  day,,  the.  samples. 'were  . taken  iii-  the'  approxi- 
mate;  region  of  the  float.     The  sampling  was  done  :by  neons 
of  a: soil  auger,  throe  feet  in  length,    A  hole  was  bored 
in  the'  door  and:  "&>  sample  was  pulled  out  with'  the  .  auger  • 
This -method  of : sampling  was  by  no  means'  satisfactory. 
After  a  sample :was  taken,  the  hole  was  immediately  plugged 
but  even -then  there  was  some  spoilage.     To  avert  this  re- 
gion,  samples  wore  taken  at  different  angles  in  the  area 
of  the  float. 

The  results  indicate-  a  protein  breakdown  and  also 
a  formation  of  acetic  and  lactic  acid.     There  was  some 
increase  in  ammonia  nitrogen,  water  soluble  nitrogen,  and 
amino  acids,  although 'the  data  showed  considerable  varia- 
tion*   After  the  first  day  the  sugar  was  used  up  in  the 
process  of  fermentation.     The  pH "of  the  silage  varied 
from -day  to  day  and,  in  general appeared  to  be.  lower  after 
the  third  day  of  fermentation. 

NEW  YORK  : ( COKlxTELL.)  '  AGRICUIiT  UR_,L  EXPSRI1ENT .'  STATION 

Department  of  Agronomy 

Title:      The  Value-  of  Birdsfoot  Trefoil  as  a  Hay  and  Pasture 
Legume  in  New  York. 

Leader:     H.'  A.  macDonald 

Investigations  relative  to  the  agricultural  possi- 
bilities of  birdsfoot  trefoil  (Lotus  corniculatus)  for  this 
region  as  reported  in  1940  were,  .continued.  -'-  Two-year- -pro  due  - 
tion  results  have  been  obtained  on  tho  earlier  1939.  .seod- 
ings  at  both  the  Caldwell  Field  and  Mount  Pleasant  Stations. 
Tho  first-year  results  of  the  1940  soodings  were  obtained 
and,  in  addition,  now  trials  added  including: 
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1.     Strain  tosts  for  hay  and  pasture, 
.-;  '--'2-#    'Pasturd' xianagonent  •  studio s ; 

3.  Seed  production  studies. 

4.  methods'  of  establishment  in  old  sod. 

5.  Ecological  adaptation  studios. 
'-:r&V  :' strain 'ahcroaso  aroas. 

In"-addi:tion;  t  >  the  se  local  investigations^,  "some  120 
'fara  trials  on  as  many  f ams  in  16  counties  in  the  southern 
portion  of  JTew 'York:  State  wore  initiated.     These  trials  con- 
sist of  pl'ot:sJ- one  acre  in  size  and  include  comparisons  of 
(a)  birdofoot  tref  oil  and  tiriothy  soeded  with  no  comparison 
crop",   (::)  similar  vp  (a)  but  with  a  comparison  crop,   (c)  tho 
f amors2'  regular'  seeding  mixture,  and  (d)  tho.  farriers1  regu- 
lar seeding  mixture  plus  the  addition  of  1.5  pounds  Ladi no 
erover.    •Eighteen  soil  typos  and  many  other  farm  variables 
arc- covered  by  this'  trial4.    Records  relative  bp  previous 
aroa-  history  and  treatment,  together  with"  notVs  on  establish- 
ment and  fall  stand  have  been  obtained.     Further  records, 
including  yield  as  hay,  botanical  composition,  and  duration 
Of  stand,  Willbo  obtained  over  a  period  of  years. 

'  ■    The  station  tests  in  1941  again  showed  the  inability 
of  birdsfoot  trefoil  to  withstand  sovero  competition,  par- 
ticularly in  the'  early  stages  of  growth.     Soodings  nado 
in  early  sprin;':  were  superior  to  those  of  summer  or  autumn. 
The  rates  of  seeding  between  4  and  16  pounds  per  aero  were 
found  to  be  of  less  importance  than  tho  date  of  seeding  and 
efficiency  of  seedbed  preparation* 


n:  seeded  with  various  grasses  for  pasture,  birds- 
fojt  trefoil  continued .to  do  best  with  the  less  dense 
sward  furriers  as  Sentucisy  blue  grass,  Canada  bluograss, 
orchard  grass,  and  red  fescue  (Olds).     The 'dry  natter  pro- 
duction was  much  lower  when  seeding  Was  with  peremiial  rye- 
grass, rodtop,   or  Rhode  Island  bent.     At  Caldwell  Field, 
birdsfoot  trefoil'  Compared  favorably  -  with  .'wild  white  clover 
as  a  "pasture  legume,  while  at  Mount  Plos-sant  the  yield  was 
greater  than  wild  white  clover  ..when  clipped  about,  one  inch 
in' height.    La'dino  clover  was  higher  in. -yield  in  1940  but 
considerably  loss  in  1941. at  the  latter  station.  Certain 
soloctcd  strains  of  birdsfoot  trefoil  w^ro . superior  to 
others  in  yield  both  in  1940  and  1941 9     Such  strains  are 
being  increased  for  further  testing  and  propagation. 

Chemical  studies  carried  out  on  both  tho  1940  and 
1941  crop  have -shown  birdsfoot  trefoil  to  be  equivalent  to 
alfalfa  or  wild  white  clover  when  used  as  hay  or  pasture 
in  chemical'  composition. 
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Title:  A  Study  of  Plant  Associations  for.  Pasture  Purposes. 
Lea'der:     D.  B.  '  Johnstone  -Wall-ace. 

Grasses  and  legumes  are  grown  alone  and  in  associa- 
tion in  field  plots  and  clipped  with  a  power  lawn  mower 
fitted  with  a  rubber-covered  roller  drive  and  an  efficient 
collecting  box.     The  machine  is  set  to  cut  to  3/4  inch  from 
the  surface  when  placed  oh  level  concCete.    A  small  sickle 
bar  mowing  machine  is  used  to  harvest  plots  for  silage. 

The  pasture  plots  are  cut  at  intervals  throughout  the 
growing  season  to  simulate  periodical  close  grazing*  The 
yield  of  green  material  from  each  clipping  is  obtained  and 
samples  aro  dried  to  determine  tho  yiold  of  oven-dried  mate- 
rial.    The  total  dry  matter,  nitrogen,  phosphorus,  and  cal- 
cium content  aro  determined  by  chemical  analyses.  Botanical 
analyses  aro  also  made. 

"Results  wor©  obtainod  in  1941  from  plots  seeded  in 
1933,  1938,  1933,  and  1940.     These  tend  to  confirm  tho  con- 
clusions previously  reached  that  tho  legumes  of  greatest 
Value  under  the  conditions  prevailing  in  these  experiments 
are  several  varieties  of  wild  whito  clover,  Ladino  white 
Clover,  Nov/  York  wild  broad  and  riarrow-1 aved  birdsfoot 
trefoils,  and,  in  some  soasons,  yellow  trefoil.     Tho  trirds- 
foot  trefoils  show  to  best  advantage  in  dry  seasons  such 
as  1941. 

The  outstanding  grasses,  when  grown  in  association 
with  wild  'whito  clover  under  simulated  pasture  conditions, 
'-continue  to  bo  varieties  of  Kentucky  blucgrass,  creeping 
rod  fescue,  pasture  timothy,  and  winter -hardy  varieties  of 
perennial  ryegrass. 

In  mixtures  intended  for  a  combination  of  silago  and 
pasture,  Ladino  white  clover  continues  to  give  excellent 
results  and  tho  most  valuable  grasses  for  growing  in  asso- 
ciation with  this  legume  'appear  to  be  orchard  grass,  es- 
pecially- the  late -flowering  loafy  varieties  such -as 
Aberystwyth  S  143,  smooth  brome  grass,  and  tall  oat  grass. 
Timothy  variotios  have  not  persisted  well  and  Kentucky 
blucgrass,  although  it  is  able  to  persist,  contributes 
only  a  small  percentage  of  tho  total  herbage. 

A  new  series  of  plots  was  seeded  in  the  spring  of 
1941  to  determine,  if  possible,  whether  returning  to  the 
soil  after  each  clipping,  in  the  form  of  manure  or  clippings* 
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fertilizer  constituents,  equivalent  to  those  which  would 
be  returned  under  actual  grazing  conditions,  would  load 
to  greater  differences  in  the  yields  obtained  from  species 
and  varieties  of  grasses  under  experiment.     It  is  hoped 
that  data 'will  be  obtained  from  these  plots  in  1942. 

The  grasses  and  legumes  being  tested  under  simu- 
lated grazing  conditions  are  also  being  tested  under  actual 
grazing  conditions  en  the  beef  cattle  pasturos  at  Cornell 
University.     Special  attention  -is  being  paid  to  the  pala- 
tability  of  species  and  varieties  of  grasses  and  legumes 
and  their  persistence  when  closely  grazod  periodically. 

Titlo:      Pasture  Survey  of  Nov;  York. 

Loader:    X'  '3;   Jd-hn 3tond -Wallace . 

Peri c.l i c  xl  examinations  are  made  of  pastures  in 
which  recommoad ?d  methods  -of  fertilizer  treatment,  graz- 
ing management,  and  seeding  have  been  followed  so  that 
their  effective  ibs's  under  practical  farming  conditions 
can  be '  tletermine  1 ,  • 

Title :      The  Improvaaent  of  Pasturos  by  Fertilizer  Treat- 
v  "'•  ment .-    '  li 

Leader:     D.  B .  John  s  t  e  no  -Via  1 1  a  o  o . 

Investigations  are  being  continued  in  Caldwoll  Field 
and  in  the  riorcford'  Pasture  at  Cornell  University  to  deter- 
mine the  influence ■  or  various  methods  of  fertilizer  treat- 
ment and  seedin--  U66n  the  seasonal  oroductivitv,  chemical 
composition,  and  botanical  composition  of  an  old  pasture 
sward. 

Titlo:       The  Management  of  Uncultivated  Plant  Covers  to 
Conserve  Soil  and  Plater. 

Leaders :  D.  'B.  Johnstone  -Walla  co,  in  cooperation  with 

.John  Lamb ,  Jr.,  of  the  Soil  Conservation  Service. 

■  ■••      ?.     j  I    L\  a \.  ■•  ■  ■  » 

*  A' Series- of  plots  on- a';10^  slope  was  seeded  with,  a 

Cornell  Pasture  "Mixture.     One  plot  was  fertilized  and 
lightly  grazed,  another  fertilized  and  heavily  grazed,  and 
the  third  unfertilized  and  heavily  grazod. 

Another  series  of  plots  on  a  23^  slope,  fertilized 
and  unfertilized,  wore  seeded  with  and  without  wild  white 
clover  to  various  grasses.     The  plots  wore  subsequently 
grazed  by  shoop.. 
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The  results  of  these  experiments  havo  been  submitted 
for  publication.       ....  .  ...  :    -  -  ; 

Anew  series  was  established  in  the  spring  of  1940 
to  deteminc  the  value  of  New  York  wild  narrow  ;and  broad 
leaved  bir.dsfoot  trefoils,  Ladino  white  clover,  Kent  wild 
white clover,  and  New  York  Cornell  No,  1  wild  white  clover. 

Title:     " The  Influence  of  Grazing  Management  upon  the  Yield, 
Botanical  Composition,  and  Chemical  Composition  of 
Pasture  Herb a go • 

Loaders:  D.  B.  Johnstone-Wallace,  L,  A.  May nard,  and  Keith 
Kennedy, 

This  project  was  started  in  May  1940  to  dotermine 
the  part  played  by  grazing  management  in  pasture. improve- 
ment,   A  uniform  stand'  of  Kentucky  blue  grass  and  ..trild  white 
clover  seeded  in  May  1938  was  divided  into  plots  which  woro 
clipped  during  the  growing  seasons  of  1940  and  1941  at  var- 
ious dates  and  heights  down  to  various  heights  from  the 
ground  surface "with  the  aid  of  a  power  lawn  newer  fitted 
with  a  rubber-covered  roller  drive,  and  a  sickle-bar  mowing 
nachino  to  simulate  various  methods  of  grazing  management, 

Rocords  were  obtained  of  the  seasonal  production, 
botanical  composition,  and  chemical  composition  of  the  herbage. 
During  1941,  additional  plots  were  established  including  fur- 
ther replications. 

The  plots  present  a  striking  appearance  and  it  is 
evident  that  changes  in  management  methods  profoundly  in- 
fluence the  botanical  composition.     The  yields  obtained 
from  plots  cut  to  within  l/2  inch  of  the  ground  surface 
greatly  outyield  those  cut  to  within  2  inchos  or  4  inches 
of  the  surface.     The  sward  produced  is  more  dense  and  thero 
is  a  smaller  accumulation  of  dead  material. 

The  indications  -are  that  plots  cut  to  within  l/2 
inch  of  the  ground  surface  when  the  herbage  reaches  a  height 
of  4  inches  are  developing  the  most  satisfactory  type  of 
pasture  sward.    No  significant  increase  in  yield  of  dry 
matter  has  boon  obtained  from  plots  cut  loss  frequently. 
The  legume  content  is  decreased  and  the  foeding  value  of 
the  herbage  is  reduced  when  the  plots  are  harvested  at  a 
more  mature  stage  of  growth. 
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In  the  spring  of  1940,  two  3 -acre  plots  wore  seeded 
with  the  Cornell-  Pasture  Mixture  containing  Kentucky blue- 
•  grass,  Canada  bluegrass,  rough  stalke d .meadow  grass,  Vic- 
toria perennial  ryegrass,  t  mo  thy,  New  York  wild  broad 
leaved  birdsfoot "trefoil,  and  wild  white  clover.  Adequate 
applications  of  superphosphate  and  line  were  made ,     ^ne  of 
these  plots  has  been  grazed  by  beef  cattle  to  within  1/2 
inch- of  the  ground  surface  whenever  the  herbage  reached  a 
height  of  about  4  inches.     The  other  was  lightly  grazed 
with  half  the  huiiber  of  stock  when  the  herbage  reached  a 
greater  height.     The  records  obtained  indicate  that  the 
cow's  consumed  less  herbage  per  day -when  it  was  allowed  to 
reach  the  greater* 'height  and  that  there  was  considerable 
reduction  in  the  feeding  value  of  the  herbage. 

Title:  The  Influence  of  the  Grazing  Habits  of  Cattle  on 
the  Composition,  consumption,  and  utilization  of 
Pasture  Herbage. 

Leaders:  D. '  B.  Johnstone-Wallace  and  Keith  Kennedy -t 

During  the  grazing  seasons  of  1940  and  1941,  records 
were  obtained  during  continuous  periods  of  24  hours  of  the 
grazing  habits  of  boef  cattle  when  receiving  no  supplementary 
feed.     The  amounts  of  herbage gbconsuti'od  in  a  day  in  pastures 
of  various  types  and  at  various  stages  of  growth  were-  de- 
termined.   Results  of  considerable  practical  value  were  ob- 
tained and  some  of  the  so  were  included  in  a  thesis  presented 
to  the  faculty  of  Cornell  University  in  June  1941.  Further 
data  were  obtained  in  1941  and  a  report  on  the  investigation 
is  being  prepared  for  publication. 

Title:      ki  Determination  of  the  Feeding  Value  of  Pasture 
Herbage  in  Experiments  with  Sheep  and  Guinea  Pigs 
.  with  Special  Reference  to  the  Protein  and  Lignin 
Content  of  the  Herbage  Cut  at  Various  Stages  of 
Maturity  Throughout  the  Grazing  Season. 

Leaders -.Do  3.  Johnstone-Wallace,  L.' Av  Maynard,  and  R.  T. 
Allman. 

This  investigation  was  completed  in  1941  and  the  re- 
sults included  in  a  thesis  presented  to  the  faculty  of  Cor- 
nell University,     The  conclusions  drawn  were  that  no  detri- 
mental effects  resulted' from  feeding  high  protein  pasture 
herbage  to  guinea  p$gs;  that  the  digestibility  of  pasture 
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herbage  depended  on  the  lignin  content,  the  relationship 
being  inverse  between  the  lignin  content  and  the  digesti- 
bility of  the  organic  natter;  that  the  nutritional  value 
of  pasture  herbage,  not  deficient  in  minerals  or  vitamins, 
is  mainly  dependent  on  the  digestibility  of  the  organic 
natter;  that  the  lignin  content  of  pasture  herbage  and  the 
digestibility  depend  noro  on  the  stage  of  maturity  and  rate 
of  growth  than  on  the  botanical  conpo si ti on;  that  the  ether 
extract  of  pasture  herbage  is  of  doubtful  feeding  value; 
that  guinea  pigs  are  satisfactory  laboratory  animals  for 
determining  the  nutritional  value  of  pasture  herbage;  .and 
that  good  pasture  nanagenent  should  aim  at  having  the  maxi- 
mum amount  of  immature,  rapidly  growing  pasture  herbage 
available  continuously  throughout  the  grazing  season. 

Title:      Pasture  Seeding  Mixture  Experiment  (Mt.  Pleasant 
Farm) . 

Leador:     R0  B.  Mus~fave, 

^—j  ........ 

Object:  To  determine  the  relative  merits  of  seven  differ- 
ent pasture  seeding  mixtures  on  hill  land  typical 
of  southern  New  York. 

Soil:        Mardin-Volusia  silt  loam.     Experiment  on  a  vrost 
/  slope  of  about  12; bo 

Previous  History  of  Field: 

An  old  pasture  abandoned  for  several  years.  Very 
unproductive. 

Soil  Tr  e  atmen t s : 

Entire  15-acre  field  received  lime  stone  at  the 
rate  of  1,3  tons  and  calcium  metaphosphate  (64% 
PgOg)  at  the  rate  of  200  pounds  per  acre  drilled- 
on  plowed  land  just  prior  to  seed  bed  preparation. 

Half  of  the  area  received  in  addition  112  pounds 
each  of  NaI\T03  and  KC1;  the  other  half  (lower),  12 
tons  of  fresh  cow  manure. 

Type  of  Plot  Layout: 

Randomized  block  with  eight  replications  for  each 
seeding  mixture,  four  of  which  received  manure  and 
four  the  mixture  of  MaNOg*  and  KCl, 

Pa  s t u r e  Mana  gemont : 

The  entire  15-acre  pasture  was  pastured  with  dairy 
heifers.     To  got  yields,  a  strip  about  150  feet 
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wide  at  the  junction  of  the  nanured  and  cheriiGally 
fertilized  blocks  and  across  all  plots  was  fenced 
off  with  an  electric -"fenced    Wen  the  grass  within 
the  enclosure  reached  4-6  inches,  two  40— inch  strips 

'•--about  60;  feet  long  were  harvested  oh  each  plot.  San- 

"   pies  v/ere  taken  for.  dry  weight  determination  and 

chenical.  analyses.     After  these  strips  were  harvested, 
30-40' cattle  were  turned  into  the  enclosed  area  to 
graze-'  the  rest  of  the  herbage.     Usiially  only  1-2 

'  days  were  required.     The  cattle  were  then  removed 
until  the  herbage  bad  again  reached  grazing. height 

'  and  tlie  above  procedure  was  then  repeated. 

Table  l;    Yields  for  1940  .and  1941.'. 


Seed  Mixtures  j 

i  Yields  in  lbs.  dry  natter  ! 
:              per  season            .  : 

Ave.  N  content 
•1st  &  2nd  cut- 
tings, 1940,$ 

Mo  •      C  j'np  o  s  i  1 1  on  : 

!      .  1940    .  : 

1941  : 

Barn- < 

-  yard  i 
Manure  < 

:Coix.iT  1 ; 
:  Fert.  « 

Barn- « 

yard  « 
nanuro ■ 

sCcaanJl! 
r  Fert. : 

Barn- : 
:.  yard  : 
inanure : 

Coinn,l 
Fert. 

1:  Ky.  blue  grass 
Canada  blue- 

gras's 
Rough  stalked' 

neadow  1 
Timothy  ]  6 

Perennial  rye- 
grass 5 
Kent  w'.w. clover  1 
Yellow; trefoil  2 
(Cornell  Spec, 

Past; M^ture)[ 2 5 ;  2096 


Ky.bluegrass  -5 
Red  top  5 
.Tinothy  :5 
•Ladino  -white  ; 
5  clover  -2 
ullsike  clover  ;3 
TO 


14 


3415 


1555  :  1413   :2.359  :2.242 


2746 


2714' :  2072   :2.867  :2.543 


3  'Ky .bluegrass   •  5 
Red  top  5 
Tinothy  5 
Kent  w.w.cloverig 
Al si ke  c 1 ov 3 r  3 


2455 


2391 


1563 


1666 


2.826 


2.701 
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Table  4.  (Continued). 


8<fKK.  .Mixtures 

:  Yields  in  lbs  •  dry  natter  :Ave#  N  content 
per  season..                list  &  2nd  out- 

ITo  .     Coi  ipo  s  iti  on  : 

Lbs  i 

& .  I"y  •  bxUegra  s  s    10  - 
Seiit'v/.i?;.  ...  : 

clover  1: 
Perennial  rye-  : 

grass  5: 

i    "  1.940 

1941  : 

!  tings, 1940,$ 

Barn- 

yard 
nanur e 

rC.oix.i'l: 
•  Fert.; 

:  rSarn-i 
yard  \ 
nanur e 

:  Fert. < 

:  Barn-; 
:  yard  • 
;  nanur  o : 

Conn1 1 
•  Fort. 

1995  : 

1406  : 

:   1420  : 

1054  , 

:2.546  : 

:2.105 

5 '  Ivy .  b  1  ue  grd  s  s  10 
'  Kent  w  •  V/..  


,'.  ..clover 
I Ted.  red 


clover 
Aisike  clover 


J3 
18 


0.-77 


2745.. 


2176. 


1747    : 3.116  : 2.999 


5  Broiiegrass 


• Ladino ' c 1 ove  r ' 1 : 
;Birdsf6ot  :  : 
:     trefoil  '2: 

:  13:  3049 


2235 


1791 


1488 


2.846 


2.722 


7   ;Ti:iothy  :8 
Ivy.  blue  grass  '3 
'Alfalfa"  r4 
lied,  red 

c lev or  -2 
Alsike  clover  1 
Yellow  tre- 
foil '1 
'La din j  white 

clove"  r  1 
(C )rneil  Hay-  ' 


Past,  ..nx- 


:ur  e ) 


3612 


3269 


2275 


2398 


3.047 


2.808 
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f^PA&TISENT  OF  •  A&QI&L  HUSBANDRY 

Title:      A  Comparison  of  Various  For ago  Crops  as  Temporary 
Pastures  for  Lambs. 

Leader;     J.'  P.  Willnam 

Further  work  was  cond.uc ted  during  the  surnmer  of  1940 
to  compare  the  carrying  capacity  and  methods  of  growing 
broad-leaved  rapo  and  dwarf  Essox  rape.'   The  yield  of  these 
crops  was.  noasurod  by  recording  the  hours  of'  sheep  and  lamb 
grazing  that  wore  furnished  by  each  crop.    An  average  of 
this  trial  and  similar  trials  conducted  in  1937  and  1938 
shows  very  little  difference  in  the  carrying  capacity  of 
these  crops  when  sown  broadcast  or  in  rows  about  28  inches 
apart*     The  results  of  those  tests  do  not  justify  the  extra 
labor  required  dn  planting,  hooing,  and  cultivating  the 
crop  grown  in  rows,  • 


An  average  of  the  ro suits  obtained  in  seven  separate 
trials  at  this  station  shows  that  dwarf  -  Essox  rape  pro- 
duced about  10%  less  units  of  grazing  per  acre  than  did 
broad-lcavod.  rapo.     Tho  broad-loavod  rapo  produced  noro 
hours  of -grazing  during  six  of  the  so  soven  trials. 

Title:"  Tho  Losses  and  Changes  Accompanying  Ensiling  of 
Legumes  and  Non-Lc juries  with  Various  Amounts  of 
-Phosphoric  Acid  and  the."  Feeding  Value  of  Phosphoric 
  .  -  Acid  .and  Molasses.  Silage, 

Loaders :E.  S.  Savago,  E.  S.  Harrison,  and  N.  P.  Ralston. 

Sinco  the  last  Annual  Report  two  trials  have  boon 
finished  undor  this  project. 

a.     The  Palatability  of  Phosphoric  Acid  and  Molas- 
ses Silage  C onp ar'od  with  Corn  Silaro.     In  tho  winto~r~of 
1939-40  a  continuous  feeding  trial  of  14  cows  was  sot  up 
to  study  tho  palatability  of  molasses  and  phosphoric  acid 
grass  silage  compared  with  corn  silage  when  fod  with  limited 
amounts  of  dry  hay  to  dairy  cows.     The  corn  silage  was  cut 
in  the  dent  stago  of  maturity  and  tho  mixed  legume  grass 
silage  was  cut  at  the  ono:-half  bloom  stago  of  logumes. 
Molasses  was  applied  at  tho  rate-  of  60  pounds  per  ton  of 
green  material  and  phosphoric  acid  (68%  food  grado)  was 
applied  at  tho  rate  of  24  pounds  per  ton  of  silage.  Four 
groups  of  cows  wore  fod,  balanced  as  closely  as  possible 
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in  all  essential  respects.     Six  bows  received  corn  silage, 
eight  cows  molasses  grass  silage,  five  cows  phosphoric 
•acid  grass  silage,  and  five  cows  phosphoric  acid  grass 
silage  plus  nine  ounces  of -calcium  carbonate  (Ca  Co^)  per 
100  pounds  of  silage.     This  amount  of  calciun  carbonate 
was  considered  ample  to  neutralize  the  quantity  of  phos- 
phoric acid  added  to  grass  silage  for  preservation.  Dry 
nixdd  legume  hay  was  limited  to  slightly  less  than  one- 
half  pound  per  day  per  100  pounds  of  body  weight  so  that 
a  critical  tost "Would  bo  made  bn  the  palatability  of  the 
silage.     Silage -was  fod  at  will.     The  cows  consumed  ap- 
proximately 4-1/2  pounds  of  silage  per  100  pounds  of  live 
weight  in  all  groups.    A  grain  mixture  containing  13.3$ 
digostible  protein  and         total  digestible  nutrients  was 
fed  at  the  rate' of  1' pound  of  grain  to  2,8  pounds  of  milk. 

The  observations  of  appetite,  daily  wcigh-backs, 
the  condition  of  the  cows,  changes  in  body  weight  during 
the  14-week  continuous  feeding  trial,  and  milk  .and  fat 
production  records  showed  that  there  was  no  difference  in 
palatability  among  the  four  kinds  of  silage  fed.  While 
the  purpose  of  tho  experiment  was  to  tost  principally  the 
palatability  of  the  four  kinds  of  silage  fod,  it  may  bo 
noted  that  there 'was  no  significant  difference  among  tho 
four  groups  as  to  tho  production  of  fat-cor rooted  milk. 
All  the  cows  gained  slightly  in  body  weight. 

b.     The  Nutritive  Value  of  Molasses  Legume  Grass 
Silage  Compared  with  Corn  SiTage  for  Milk  Production.  The 
experiment  reported  above  carried  on  in  tho  year  1939-40 
showed  that  legume,  grass  silages  preserved  with  cither 
phosphoric  acid  or  molasses  were  as  palatablo  as  corn 
silage,    With  this  in  mind,  '  I' -n  1940r41  a  double  reversal 
feeding  trial  was  set  up  to  study  the  nutritive  'value  of 
mo !• asses  legume  grass  silage  compared  with  corn  silage 
when  fed  with  a  limited amount  of  dry  hay  to  dairy  cows 
for  milk  production.     The  experiment  was  27  weeks  in 
length.     Each  period  was  eight  weeks  with  one  week  for 
transition.     Two  groups  of  seven  cows  each  were  balanced 
as  closely  as  possible  in  all  respects. 

-The  corn  used  for  silage  was  somewhat  immature  duo 
to  on  unfavorable  season.     The  dry  matter  content  of  the 
corn  silage  was  21,56%,     The  material  for  the  molasses 
legume  and  grass  silage  was  cut  approximately  at  one-half 
bloom  ■ stage  of  tho  legumes.     The  molassos  was  added  at 
the  rate  of  -55  pounds  per  ton  of  green  material.  Mixed 
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alfalfa  and  rod  clover  made  up. about  Q0%  of  tho  mixture. 
The  4:0%  of  grasses  was  predominantly  timothy.     Tho  dry 
natter  content  of  the  nolassos  legume  grass  silage  was 
27.03$.       ■  •   ...  ' 

The  concentrate  mixture  was  fed  at  the  rato  of  1 
pound  to  3.5  pounds  of  fat-corrected  milk.     Dry  nixed 
legume  hay  was  United  to  approximately  l/2  pound  per 
•day  per  100  pounds  of  tody  weight.     Both  kinds  of  silage 
were  fed  at  the  rate  of  4.5  pounds  per  day  per  100  pounds 
of  live  weight.     The  concentrate  mixture  was  13.3$  diges- 
tible protein  and  74$  total  digestible  nutrients. 

Results.  The  appetite  of  all  cows  was  excollont, 
indicating  no  difference  in  palatability .  Tho  intake  of 
food  was  approximately  tho  sane  in  both  groups. 

The  cows  on  molasses  legume  grass  silage  produced 
27.6  pounds  of  fat-corrected  nilk  per  day  and  gained 
slightly  in  body  weight.     Tho  cows  on  corn  silage  pro- 
duced 29.1  pounds  o*f  f at-corrcctod  nilk  per  day  and 
gained  approximately  tho  same  amount  per  day  in  body 
weight.     These  results  indicate  a  slight  differonce  in 
production  in  favor  of  corn  silage. 

This  experiment  will  be  ropoatod  beforo  final  con- 
clusions are  drawn.    .  . 

Department  of  Entomology 

Title:      White  Grub  and  Other  Forage  Crop  Insect  Investi- 
gations. 

Leaders:  H.  H.  Schwardt  and  C.  G.  Lincoln 

New  infestations  of  brood  C  grubs  were  found  along 
the  entire  south  shore  of  Lake  Ontario,  and  in  the  vicini- 
ties of  Syracuse,  Rome,  Utica,  and  Schenectady  in  1941. 
The  Champlain  Valley  infestation  has  not  extended  its 
boundaries  appreciably,  but  damage  within  the  area  was 
more  sovero  in  1941  than  in  1938.     The  infestation  in  the 
southern  tier  counties  has  spread  northward  from  5  to  10 
miles  at  several  points. 

Preliminary  experiments  with  milky  disoaso  (Bacillus 
p'opilliao  Dutky)  indicate,  that  field  control  of  native 
whito  grubs  with  this  organism  is  not'  practical.     Five  rep- 
licates of  eight  treatments  representing  different  rates  and 
methods  of; applying  the  spore  -dust  failed  to  give  signifi- 
cant results.     Further  tests  using  first  instead  of  second 
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year  infestations  are  planned.     This  investigation  has 
shown,  however ,  that  Bacillus  popilliae  is  naturally  pres- 
ent in  the  Cham.pl ain  Valley.    A  survey  of  its  general  dis- 
tribution in  New  York  will  be  made, 

Paradichlorobenzeme  and  an  emulsion  of  a  mixture  of 
methyl  bromide  and  dichloroethyl -ether  have  been  found  ef- 
fective as. soil  fumigants  for  uso  against  white  grubs  under 
certain. conditions. 

Final  counts  on  a  series  of  pasture  plantings  in- 
cluding various  commonly  used  pasture  mixtures  failed  to 
sho-7  significant  differences  in  susceptibility  to  infes- 
tation by  grubs. 

■  Field  plot  studies  on  the  clover  root  borer  have 
given  further  evidence  that  this  pest  is  an  important  fac- 
tor limiting  tho  life  of  rod  clover  stands,  that  clover 
plants  arc  seldom  attacked  before  the  root  crown  has  attainodu 
a  diameter  of  five  millimeters,  that.alsiko  and  Ladino 
clovers  are  practically  immune  to  attack  and  that  Russian 
mammoth  rod  and  perennial  rod  clovers  aro  somewhat  resistant 
to  attack* 

Dopartmont  of  Plant  Brooding 

Title:      Timothy  Brooding, 

Loaders     C,  H,  Myers 

During  the  past  year  there  has  boon  an  increased  de- 
mand for  our  hay  typo  No. 4059  which  is  being  increased  by 
Dr..  H.  B-.  Sprague  of  the  Nov/  Jersey  Experiment  Station, 
From;  these  reports  variety  No.  4059  seems  particularly 
adapted  to  the  regions  of  New  Jersey,  Maryland,  end  Dela- 
ware.. 

Department  of  Plant  Pathology 

Title:      The  Disease  Factor  in  the  Problem  of  Clover  Stands 
in  the  State  of  New  York,  with  Special  Reference 
to  Root  and  Crown  Diseases, 

Leaders:  H.  H.  VJhctzel,  M,  F.  Barrus,  and  T.  Sproston,  Jr. 

Apothecia  of  Sclerotinia  trifoliorum,  tho  cause  of 
crown  rot  of  legumes,  wore  found  again  at  Ithaca  during 
the  fall  and  due  to  tho  favorable  weather  conditions  pro- 
duced spores  from  the  first  wook  of  October  to  tho  middle 
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of  December.     S.  trif oliorun  was  also  found  destroying  cer- 
tain white  clovers  in  experimental  pasture  plots  at  Cald- 
well field-.     If  found  in  fields  in  the  state,  the  disease 
might  answer  the  question  as  to  why  white  clover  disappears 
from  pastures,  . 

Seedlings  of  rod  clover  isolated' as  immune . wore 
found  to  be  susceptible  when  grown  to  maturity.  However, 
several  mature  plants  grown  under  field  conditions .wore 
highly  resistant  when  tested  with  the  crown  rot  organism. 
Crosses  have  boon  mado  using  this  material, 

Pcrithocia  of  Pleospora  hcrbarum,  the  loaf  spot  or- 
ganism wore  found  to  be  produced  abundantly  on  the  seed  of 
red  clover, 

Fusarium  root  rot  of  rod  clover  was  very  destructive 
in  experimental  plots  at  Ithaca  as  evidenced  by  a  50%  re- 
duction in  stand. 

Department  of  Poultry  Husbandry 
Title:      Poultry  Pastures. 

Loaders:  GV  F.  Housor,  L.  C.  Norris,  and  J.  H.  Bruckner, 
in  cooperation  with  D.  B.  Johnstone -Wallace  and 
J.  K.  Wilson. 

On  Juno  5,  1941,  four  groups  of  pullets  wore  placod 
on  experiment.     Each  group  contained  approximately  equal 
numbers  of  birds  7  to  10  weeks  old  at  the  start.  Two 
groups  wore  given  a  good  grass  range  of  white  clover  and 
Kentucky  bluograss;  one  of  those  was  allowed  grain  and 
mash  ad  libitum,  whilo  the  feed  of  the  other  was  restricted 
by  keeping  the  hoppers  clo;sod  until  noon.     The  third  group 
had  a  good  Ladino  clover  run  with  grain  and  mash  available 
ad  libitum.     The  fourth  group  was  placed  on  a  baro  range 
but  had  feed  available  at  all  times. 

At  the  end  of  three  months  there  wore  no  significant 
differences  in  average  weights  and  gains.     The  per  cent 
gains  were  169$,  164$,  168$,  and  168$,  respectively,  for 
the  various  lots.     The  food  consumption  was  greatest  in 
the  bare  range  lot  and  smallest  in  the  group  which  had 
its  food  restricted.     Since  there  were  little  differences 
in  gains,  the  pounds  of  feed  per  pound  of  gain  was  greatest 
in  the  bare  range  lot  (7.14),  lowest  in  the  pasture  group 
which  had  the  grain  and  mash  restricted  (6.31),  and  inter- 
mediate in  the  pasture  groups  receiving  feed  ad  libitum 
(6,65  and  6.74). 
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By;  keeping  the  feed  hoppers  closed  until  noon  and 
thus  encouraging  the  consumption  of  grass  as  conpared  with 
feed  available  all  day,  the  saving  in  feed  for  the  3-month 
period  was  .73  pounds  per  bird  at  6.46$  of  the  total  feed. 
Birds  on  pasture  with -full  feed,  as  conpared  with  birds  on 
bare  range  with  full  food,  ate  .82  pounds  per' bird  less 
feed  or  6,77%  of  the- total.     In  comparing  birds  or,  bare 
range  with  full  feed  contrasted  with  pasturo  birds  on  re- 
stricted feed,  the  saving  was  1.55  pounds  por  bird  or 
12.79$  of  the  foed  intake  during  the  3-month  period. 
-  -      ...  / 

PENNSYLVANIA  AGRICULTURAL- EXPERIMENT  STATION 

Title:      The  Effect  of  Different  Systems  of  Grazing,  Cutting 
•      and  Fertilizing  of  Miite  Clover. 

Leader:    E.  B.  Musser. 

Referring  to  the  report  on  this  project  (1940  Annual 
Report,  page  91)  submitted  last  year,  the  experimental  work 
on  testing  persistence  of  white  clover  ecotypes  was  con- 
tinued through  the  1940  and  1941  seasons.    Yearly  analyses 
of  tho-pa-sturo  turf  were,  made  by  Aanodt's  modified  point 
quadir at- method.    All  white  clover  ecotypes  wore  grown  in 
combination  with  Kentucky  bluegrass  and  maintained  under 
fertilizer,  liming,  and  grazing  practices  as  previously 
outlined.     The  results  of  this  experiment  are  now  computed 
and  ready  for  publication.    They  indicate  a  favorable  re- 
sponse by  all  ecotypos  tested  to  potash  applications,  par- 
ticularly when  supplemented  with  lime.     The  results  also 
show  definite  differencos  in  persistence-  in  rolation  to 
the  environmental  conditions  which  prevailed  during  the 
experimental  period..     Persistence  uridor  close  grazing  (2 
inches)  conditions  was  in  the  following  order: 

1. 
2. 
3. 

•  "  .-       4 . 

.  5. 

Persistence  under  4-inch  grazing  in  the  spring  and 
fall  showed  a  higher  rank  for  Ladino  than  in  the  forego- 
ing ratings. 


Louisiana  and  Now  Zealand. 
Mid  White. 
Corn  Belt. 
Ladino 

White  Dutch. 
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Titlo:      Sourco  of  Nitrogen  in  tho  Soil. 

Loaders:  J.  W.  White,  F.  J.  Holbon,  and  A.  C.  Richer. 

An  exporinental  sot-up  involving  the  uso  of  48  steel 
rims  4  feet  in  diameter  and  2  feet  deep,  has  been  designed 
to  detomino  the  role  played  by  nitrogen  fixing  micro-or- 
ganisms including  Rhizobia,  Clostridia,  and  Azotobactor. 
Four  year  grain  rotations  with  tinothy  in  one  series  and 
red  and.  alsike  clover  in  another  are  being  compared.  Ken- 
tucky bluegrass  alone  and  ■■white  Dutch  clover  and  blue  grass 
are  also  boing  conpared  in  tho  oxperinental  riris. 

At  the  end  of  two  years  tho  rir.is  seeded  to  Kentucky 
bluegrass  alone  produced  a  total  of  3,594  pounds  of  dry 
natter  per  acre  as  conpared  with  6,835  pounds  produced  by 
a  mixture  Df  bluegrass  and  white  clover.    A  total  of  82 
pounds  of  nitrogen  per  acre  were  removed  in  .the  hay  fron 
the  bluegrass  rims  compared  with  219  pounds  of  nitrogen 
per  acre  removed  in  the  hay  fron  tho  rims  producing  a 
mixture  of  white  clover  and  bluegrass.     These  results  are 
in  agreement  with  data  secured  by  Johnstone-Wallaco  of  tho 
New  York  (Cornell)  Agricultural  Experiment  Station. 

Title:      Testing  and  Breeding  Grasses  for  Pasture  and  Othor 
Uses. 

Leaders:  H.  B.  Mussor,  C.  C.  Wernham^  and  J.  K.  Thornton. 

Referring  to  tho  progress  report  of  this  project 
(1940  Annual  Report,  pago  90)  a  number  of  additional  strains 
of  creeping  bent,  Kontucky  bluegrass,  and  rod  fescue 
have  been  selected.    Yield  and  quality  measurements,  as 
previously  reported,  wore  made  on  all  selections. 

Additional  records  woro  secured  on  methods  of  dis- 
ease control  with  creeping  bent  and  fescue..   A.  sorios  of 
greenhouse  pot  experiments  is  under  way  to  determine  pos- 
sible relationships  between  degree  of  disoase  infection 
and  available  nutrient  ratios  in  the  .soil.  , 

A  preliminary  trial  planting:  of  a  fivo-strain  blond 
of  Kentucky  bluegrass  selections  and  a  blond  of  rod  fescue 
types  was  made  with  Lotus  corniculatus  for  determining  the 
possible  value  of  this  legume  alone  and  in  combination  with 
grass  under  practical  grazing  conditions. 
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Title:      A  Study  jf  the  Practicability  of  Commercial  Pro- 
*&crbian  of  Pe'sSuo  -and  Other  Grasses  and  Forage 
Crop  Seed  In  Pennsylvania. 

Leaders:    H;  B.  Musser,  C.  C.  Wer'nham*  JV  E*  Nicholas,  and 
J.  L.  E.  Me  Cord. 

This  project  covers  the  production  of  new  strains 
under  the  forage  crop  "breeding  pro  gran  of  the  Department 
of 'Agronomy,  development  of  practical  methods  of  disease 
control  in  cooperation  with  the  Department  of  Botany,  seed 
conditioning  problems,  including  cleaning  and  drying,  in 
cooperation  With  Department  of  Agricultural  Engineering,  and 
securing  of  records  on  commercial  seed  production  together 
with  the  possibilities  for  development  of  cooperative  mar- 
keting organizations    by  the  Department  of  Agricultural 
Economics • 

During  the  past  season,  a  series  of  experimental 
plots  was  planted  for  comparing  seed  production  possibili- 
ties of  a  number  of  grass  and  legume  species. 

Commercial  production  of  a  5-strain  blend  of  red 
fescue  'was  started.    Approximately  2,000  pounds' of  this 
seed  were  harvested  by  three  seloctod  growers  from  plant- 
ings ef  1  to  4  acres.    Additional  plantings  of  approxi- 
mately' 60"  acres  were  made  during  the  past  season. 

A  commercial  seed  dryer  was  developed  for  condition- 
ing "combined1'  seed.    A  preliminary  report  on  the  design, 
construction,  and  operation  of  this  equipment  has  boon 
published.     (Agr.  "Eng.,  Vol.  22,  No.  12,  Dec.  1941). 

Title:      Testing  and  Breeding  Strains  of  Clover. 

Leaders:  H.  3.  Musser  and  J„  K.  Thornton. 

This  project,,  as  previously  reported  (1940  Annual 
Report,  page  90),  has  been  confined  during  past  seasons 
to  further  tests  of  local  strains  for  forage  yields.  In 
the  last  three  years,  three  local  strai  fj.s  of  medium  red, 
and  two  local  strains  of  intermediate  mammoth  have  been 
selected  for  blending  to  produce  composites  of  each  type 
for  use  in  the  seed  production  program  in  Pennsylvania. 
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Title:     Legume  Silage  in  Dairy  Feeding, 

Leaders  :S.  I.  Bechdel,  R.  W*  Stone,  P.  S.  Williams,  and 
F.  R.  Murdock. 

Pennsylvania  Station  Bulletin  411 

Summary.     Alfalfa -molasses  or  alfalfa -phosphoric 
acid  silage  enables  the  feeding  of  appreciably  snaller 
anounts  of  concentrates  for  milk  production  when  fed  along 
with  limited  amounts  of  hay  and.  corn  silago.     This  plan 
of  feeding  also  nakos  possible  the  use  of  less  protein  in 
the  concentrates. 

Alfalfa  silage  is  not  satisfactory  as  the  sole  rough- 
age for  milking  cows.     It  should  be  fod  in  connection  with 
at  least  5  pounds  of  hay  daily,  which  noed  not  be  of  high 
grade.     If  corn  silage  is  available,  it  is  desirable  to  in- 
clude it  in  the  ration.     The  results  of  three  different 
fooding  trials  indicate  that  a  roughage  combination  of  al- 
falfa or  soybean  silage, -  corn  silago,  and  a  snail  amount  of 
hay  is  satisfactory  for  high-producing  cows. 

Alfalfa-molasses  silago  and  alfalfa-phosphoric  acid 
silage  are  of  equal  feeding  value  for  milking  cows  provided 
that  the  original  alfalfas  are  from  the  sane  source  and  the 
resulting  silages  are  satisfactorily  proserved. 

Milking  cows  will  tend  to  go  "off -feed"  on  phosphoric 
acid  legume  silages  when  they  are  fed  heavily.     "Off -feed" 
cases  rarely  occur  when  molasses-legume  silage  is  fed  with 
hay  in  any  amount,  with  corn  silage,  or  with  a  combination 
of  hay  and  corn  silage.     In  one  experiment,  7  out  of  24 
cows  on  alfalfa-phosphoric  acid  silago  went  "off -feed" 
after  several  weeks  of  feeding.     Hay  and  corn  silago  xvore 
also  included  in  the  ration.     Cows  fod  alfalfa-molasses 
silage  in  the  sane  experiment  gave  no  troublo  in  going 
"off -feed,"     Daily  fluctuations  in  the  amount  of  urine  ex- 
creted prompted  the  belief  that  the  acid  silage  may  have 
disturbed  kidney  functioning.     The  inclusion  of  3  ounces 
of  pulverized  limestone  in  the  ration  during  the  last  weeks 
of  the  experiment  gave  some  evidence  of  beneficial  effect. 
In  viow  of  this  experience,  the,  feeding  of  pulverizod  lime- 
stone with  acid  silago  is  advised.     It  is  not  expensive, 
can  do  no  harm,  and  it  nay  avoid  serious  "off-food"  cases 
and  possible  injury  of  the  cattle*       1  ..  .. 
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Legume  silage  preserved  with  nolasses  is  not  as 
palatable  to  .'dairy  o  a  tele  as  .corn  silage.     Cows  usually 
have  to  learn  to  like  it.     This  nay.  be  accomplished  by 
feeding  small  amounts  at  the  start  and  making  gradual  in- 
creases.    In  .the  trials  here  reported,  molasses  silage  was, 
in  most  cases,  appreciably  more  palatable  than  phosphoric 
acid  silage.    Tests  of  amounts  of  molasses-  varying  from  40 
to  120  pounds  per  ton  of  green  alfalfa  indicated  improved 
palatability  as  the  molasses  was  increased.  Satisfactory 
preservation  of  alfalfa  was  obtained  with  40  pound's  of  mo- 
lasses, but  80  pounds  per  ton  appears  to  be  about  optimua. 
If  the  forage  contains  a  lot  of  moisture  and  is  not  wilted, 
excessive  seepage  from  the  silo  nay  take  place.    As  this 
happens  frequently,  it  appears  inadvisable  to  use  maximum 
amounts"  of  molasses  because  of  possible  excessive  losses. 
Trials  with  soybean  silage  indicate  that  120  pounds  molas- 
ses per  ton  of  green  .forage  is  the  optimum  amount  to  use. 
One  lot  of  silage  preserved  with  100  pounds  of  nolassos 
was  deficient  in  palatability.    Eighteen  pounds  of  17>% 
phosphoric  acid  per  ton  of  green  forage  (alfalfa  or  soy- 
beans) was  th.e  maximum  amount  used  in  the  tests  hero  re- 
ported.    The  palatability  was  fairly  satisfactory  at  this 
rate,  especially  with  alfalfa. 

alfalfa -molasses  silage  (80  pounds  molasses  per  ton) 
and  soybean-molasses  silage  (120  pounds  molasses  per  ton) 
are  of  equal  feeding  value  for  milk  production  when  fed  in 
a  ration  with  corn  silage  and  hay.    On  account  of  the  high 
cost  of  soybean  silage,  it  is  not  advised  except  in  an  emer- 
gency 'when  alfalfa  or  other  legumes  are  not  available.  En- 
siling soybeans  is  usually  preferable  to  curing  for  hay. 

Legume  silage,  especially  the  first  cutting  of  alfalfa, 
is  highly  satisfactory  as  supplementary  feed  for  dairy  cat- 
tle on  short  pastures  in  1  a  to  summer  or  in  drought  periods. 
On  most  farms,  especially  in  central  Pennsylvania,  this  prac- 
tice will  result  in    saving  considerable  alfalfa  that  is 
usually  lost  because  of  unfavorable  haying  weather  in  Juno. 

Fomentation  studios  of  third  cutting  alfalfa  reveal 
that  quality  of  silage,  based  on  lactic  acid  produced,  im- 
proves as  the  amount  of  molasses  for  preservative  is  in- 
creased from  40  to  120  pounds  per  ton  of  green  forage*  As 
a  general  rule,  alfalfa  preserved  with  molasses  produces 
more  lactic  acid  that  when  it  is  preserved  with  phosphoric 
acid.     In  cases  where  alfalfa  has  a  high  initial  sugar  con- 
tent, phosphoric-acid  silage  may  be  of  as  high  quality  as 
would  result  with  molasses  as  preservative. 
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V/hen  legunes  are  cured  into  hay,  a  largo  part  of  the 
carotene  and  othor  nutrients  nay  bo  lost  through  shattering 
of  loaves  and  bleaching.  ■ '--Ensiling  avoids  practically  all  of 
this  loss.    After  several  nonths  in  storage,  the  carotene 
in  legume  silago.  tends  to  decrease  appreciably. ;  This  de- 
crease varies  widely,  but,  in  general,  a « good  grade  of  legune 
silage  in  storage  seven  nonths  will  supply  fron  3  to  6  tines 
as  nuch  carotene  on  a  dry  natter  basis  as  alfalfa  hay  of 
good  grade.     Tests  to  date  indicate  that  the  carotene  in 
legune -phosphoric  acid  silage  tends  to  deteriorate  rapidly 
after  being  in  storage  5  to  6  nonths.     Tho  rate-  of  declino 
is  not  nearly  so  pronouncod  in  alf alf a-nolasses  silage,  and 
several  tests  have  revealed  fron  three  to  five  tines  as 
nuch  carotene  in  alf alfa-nolassos  silage  as  in  alfalfas- 
phosphoric  acid  silage  after  seven  nonths  of  storage. 

Title:       The  Fomentation  of  Alfalfa  Silage  Preserved  with 
Molasses,  Phosphoric  Acid,  Salt,  and  Silogern. 

Loaders:  R.  C.  Malzahn,  S.  I.  Bechdel,  and  R.  W.  Stone. 

A  series  of  snail  silos  filled  with  tho  sane . cutting 
of  alfalfa  under  six  different  treatments  was  studied  with 
respect  to  the  method  of  preservation.     The  treatments  wore 
(per  ton  of  silago)  80  pounds  nolasscs,  40  pounds  nolasscsj 
18  pounds  phosphoric  acid,  40  pounds  nolassos  plus  Silogern, 
30  pounds  salt,  and  30  pounds  salt  plus  Silogom.  All 
silages  underwent  a  typical  lactic  acid  f ernontati on;  tho 
bacterial  counts  showed  no  correlation  either  with  quality 
of  tho  silage  or  treatment.     Tho  best  silages  fron  tho 
standpoint  of  chemical  analysis  as  well  as  feeding  tests 
were;S  obtained  by  use  of  80  pounds  of  molasses-  and  18 
pounds  of  acid  per  ton.     The  silages  preserved  with  40 
pounds  of  molasses  were  slightly  inferior  to  the  first  two 
and  no  significant  difference  could  be  found  due  to  Silo- 
gern' treatment.     Preservation  with  salt  gave  sonowhat  poor 
quality  silages,  likewise  with  no  demonstrable  difference 

due  to  Silogern. 

A  comparison  of  the  fomentation  in  the  upper  and 
lower  levels  of  the  series  showed  a  contrasting  chemical 
conposition  with ' evidence  of  less  desirable  changes  taking 
place  in  the  upper  part  of  the  silos.    After  periods  of 
storage  ranging  fron  6  to  10  nonths,'  irrespective  of  treat- 
ment, the  higher  levels  had'  pH  vaiuos  that  were  generally 
above  4.2,  a  relatively  low  amount  of  reducing  sugar  and 
a  high  content  of  acetic  acid.'    The  lower  levels  in  the 
same  silos  had  pH  values  be low  4.2,  more  reducing  sugar, 
and  averaged  31%  more  lactic  acid.    Feeding  experiments 
indicated  a  here  palatable  and  better  quality  silage  fron 
tho  lower  than  the  higher  portions  of  the  silos. 
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RHODE  ISLAND  AGRICULTURAL  EXPERIMENT  STATION 

Title:  tA  Study  of  the  Adaptability  of  Sudan  Grass,  Japanese 
Millet,  Oats,  Winter- Rye,  and  Winter  "Alio at  for  Sup- 
plementary Pasture. 

■Leaders :T.  E.  Odland  and  T.  R.  Cox. 

A  study  of  different  crops  for  use  as  supplementary 
pasture  was  completed  and  the  results  reported. in  a  publica- 
tion now  in  press.     Permanent  pastures  usually  decrease 
rapidly-  in  the  amount  of  grazing  available  after  the  flush 
season  in  June.     The  dairyman  has  to  plan  for  some  addi- 
tional temporary  pasture  for  the  remainder  of  the  season 
if  he  is  to  avoid  barn  feeding  during  this  period.  Barn 
feeding  not  only  increases  his  costs  of  milk  production, 
but  usually  results  in  loss  production  as  well.     The  dairy- 
man wants  "to  know,  what  crops  he  can  use  to  best  advantage 
for  supplementary  pasture,  when  they  should  be  planted  to 
supply  grazing  for  a  particular  period,  and  what  feeding 
value  they  have. 

In  this  tost,  winter  rye,  winter  wheat,  spring  oats, 
Sudan  grass,  and  Japanese  millet  were  planted  at  various 
dates  and  the  yields  of  pasturage  determined •  Chemical 
analyses  were  made. on  samples  taken  at  the  various  cuttings 
for , determinations  of  nutritional  value.    Usually  3  to  5 
cuttings  wore  made  for  each  crop  over  periods  ranging  from 
2  to  7  weeks.     The  results  obtained  over  a  4-ycar  period, 
1938-1941,  inclusive,  can  bo  summarized  as  follows: 

Winter  rye  planted  at  10-day  intervals  from  August 
10  to  September  20  yielded  pasturage  from  October  1  to  25 
and  from  May  1  to  Juno  10  of  the  following  year.  .  Winter 
wheat  planted  at  the  same  dates  yielded  pasturage  during 
the  same  period  but  made  less  growth.     The  seeding s  made  on 
September  1  and  10  produced  the  most  pasturage  when  both 
fall  and  spring  yields  were  considered.     Enough  grazing 
was  produced  to  carry  two  cows  per  acre  for  two  weeks  in 
the  fall  and  five  weeks  in  the  spring. 

Oats  were  seeded  at  three  different  times  from  April 
15  to  Hay  5.     The  May  5  planting  was  ready  for  grazing 
about  June  15.    An  acre  of  oats  planted  at  this  time  would 
furnish  enough  grazing  for  throe,  cows  over  a  period  of  four 
weeks  at  the  rate  of  yield  obtained  in  these  tosts.  The 
April  dates  of  planting  produced  grazing  at  a  time  when 
normally  it  would  not  bo  needed.     Sudan  grass  and  millet 
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planted  at  2 -week  intervals  from.  May  20  to  July  15  fur- 
nished grazing  fron  July  15  to  September.  25,  a  season 
of  the  year  when  pomaiient  pastures  are  usually  short. 
The  May  plantings  of  Sudan  grass  were,  generally  unsatis- 
factory.    Sudan  grass  is  a  warm-weather  crop  and  should 
not  be  planted  untii  early  June  in  this  seoti on -of  Rhode 
Island.     Two  acres  of  Sudan  grass  yielded  enough  grazing, 
it  was  estimated,  to  support  five  cows  over  a  7-woek 
period. 

Sudan  grass  planted  on  a  well-f iraed  seedbed  pro- 
duced bettor  stands  and  considerably  higher  yield  than 
when  planted  on  a  loosely  prepared  seedbed.      •  • 

De to mi nations  of  prussic  acid  in  the  Sudan  grass 
showed  3nly  snail  amounts  of  this  and  not  enough  to  cause 
any  ham  ti  grazing  aninals. 

Japanese  millet  supplied,,  on  an  average,,  a  littlo 
more  pasturage  than  did  the  Sudan  grass  over  similar 
periods  of  tine. 

The  chemical,  analyses  showed  all  crops  to  be  satis- 
factory, in  -composition  of  feed  nutrients. 

Title:      A  Comparison  of  Different  Crops  for  Grass  Silago. 

Leaders:  T.  E.  Odland,  T.  R.  Cox,  and  C.  H.  Mo  ran. 

A  3-year  study  of  the  value  of  different  crops  for 
grass  silage  was  concluded  and  the  rosults  summarized  in 
a  publication  now  available.     (A  Comparison  of  Difforont 
Crops  for  Grass  Silago  by  the  Use  of  Mason  Jars  .as  Miniaturo 
Silos.     T.  E.  Odland,  T.  R.  Cox,  and  J.  B.  Smith.  •  Jour. 
Amer.  Soc.  Agron.  33:  304-313.     1941).    Winter  rye,  Sudan 
grass,  Japanese  millet,  timothy,  red  clover,  alfalfa,  soy- 
beans, as  well  as  various  mixtures  of  these,  wore  used  for 
making  silage.    Molasses  and  phosphoric  acid  vroro  compared 
as  preservatives  in  different  amounts.    All  crops  made 

satisfactory  silage  when  harvested  at. the  right  stage  of 
maturity  and  "/ere  otherwise  in  good  condition.  Two-quart 
nason  jars  nade  very  satisfactory  miniature  silos  for  this 
study,  the  silage  produced  being  very  similar  in  all  respects 
to  silage  fron  the  same  crops  nade  in  large  farm  silos.  This 
experiment  suggests  a, method  of r handling  any  surplus  that 
might  became  available  if  more  supplenentary  pasture  crops 
wore  grown  than  were  needed  in  a  favorable  season. 
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Title:      Studios  of  the  Behavior  of  Agrostis  tenuis 

(Co  1  oni al  Bent )  as  influe nc ed  by  Envi r onmcnta  1 
Factors,. 

Leaders:  Irene  H.  Stuckey  and  B.  E.  Gilbert. 

The  seasonal  development  of  grass  roots  which  has 
been  followed  since  1938  has  been  continued  using  colonial 
bent  (Agrostis  tenuis)  Sibth)  alone.     Seeds  were  planted 
in  September  1940  and  measurements  have  been  made  of  num- 
ber and  length  of  the  new  roots  on  these  seedlings  at  in- 
tervals.   Adventitious  roots  were  produced  almost  con- 
tinuously from  four  to  six  weeks  after  germination  through- 
out the  winter.     The  numbers  of  these  roots  increased  until 
the  maximum  was  reached  in  May,     Nov;  roots  developed  through 
June  but  many  became  brown  and  wiry  without  growing  more 
than  two  inches.     Only  mature  roots  were  found  during  July, 
August,  and  September,     These  months  and  October  were  ex- 
ceptionally dry  for  Rhode  Island,  which  probably  accounts 
for  the  absence  of  new  roots  in  any  quantity  until  October 
20.     By  November  14  as  many  as  40  to  60  uhbranched  roots 
were  found  on  a  single  large  plant.    At  this  time  very  few 
lateral  rootlets  were  found  but  by  November  30,  new  roots 
with  lateral  rootlets  were  encountered  much  more  frequently 
than  unbranched  roots.     Disintegrating  old  roots  were  found 
in  May  and  again  in  lato  November, 

t 

Anatomical  studios  of  the  crowns  of  colonial  bent 
plants  collected  at  intervals  throughout  the  winter  and 
spring  indicate  that  the  roots  are  initiated  in  progres- 
sive circles  outward  from  the  base.     The  base  becomes 
heavily  lignified  with  ago.     The  root  initials  were  less 
frequent  in  May  and  June  than  earlier  in  the  spring. 

VERMONT  AGRICULTURAL  EXPERIMENT  STATION 

Title:      Relative  Value  of  TVA  Phosphates  on  Pastures  and 
Meadows • 

Leader:    A.  R.  Midgloy.. 

All  permanent  pastures  suffered  from  an  unusual  drouth 
last  spring  and  summer..     Because  of  this,  very  little  differ- 
ences were  obtained  among  the  different  fertilizer  treatments. 
Most  of  the  TVA  phosphates,  especially  potassium  metapho sphate 
and  potassium-calcium  metapho sphate,  are  so  finely  ground  that 
it  is  almost  impossible  to  apply  them  broadcast  to  pastures. 
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They  readily  blow  away  and,  on  high  phosphate  fixing  soils, 
their  fine  division  favors  such  intimate  contact  with  the  soil, 
that  fixation  is  increased.     This  is  especially  true  where  the 
fertilizer  is  worked  into  the  soil  previous  to  seeding.  Under 
such  circumstances  the  pelleted  forms  seem  to  be  much  better, 
especially  where  the  B  podzol -horizon  is  predominant  in  the  soil. 

Title:      Fertilization  of  pasture  and  meadow  land. 

Leader:    A.  R.  Midgley. 

A  station  bulletin  has  just  been  finished  covering  experi- 
mental data  on  this  subject.     Four  out  of  5  fields  showed  that 
the  early  spring  application  of  complete  fertilizers  was  superior 
to  late  fall.     This  was  true  whether  the  nitrogen  used  in  the 
fertilizer  was  urea,  cyanamid,  or  nitrate.     The  latter  form  was 
much  better  with  the  spring  applications.     Some  fertilizer  may 
be  lost  by  run-off  if  applied  too  late  in  the  fall  on  rolling 
lan£ii    If  the  soil  freezes  and  becomes  impervious  before  the 
surface  applied  fertilizer  gets  into  the  soil,  the  loss  may  be 
quite  high.     Leaching  losses  of  nitrogen  are  also  a  factor,  es- 
pecially on  the  lighter  soil  types. 

Title:      Pasture  Seeding  Mixtures. 

Leader:    A.  R.  Midgley. 

.A  number  of  plantings  of  zigzag  clover  were  made  on  per- 
manent hay  and  pasture  lands.     Due  to  the  severe  drought  soon 
after  planting,  a  poor  stand  was  obtained  on  most  fields.  A 
large  number  of  plantings  of  birdsfoot  trefoil  are  to  be  made 
this  spring  under  different  soil  and  pasture  conditions. 

Title;      Effect  of  Minor  Elements  on  -Growth  of  Native  Clover  in 
Pastures. 

Leader:    A.  R."  Midgley. 

An  application  of  borax,  30  oounds  per  acre,  has  given 
some  response  on  pastures,  especially  where  clover  is  predomi- 
nant.    This  is  especially  true  where  lime  has  been  recently 
applied. 

Sulphur  has  also  been  beneficia.1  on  some  pastures  that 
are  known  to  be  rather  low  in  *  this  element.     The  amount  of 
sulphur  in  the  air  at  five  locations  within  the  state  are  be- 
ing determined.     It  is  known  that  the  air  is  an  important 
source  of  siijphur  for  soils     and  some  interesting  differences 
have  already  been  obtained. 
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TCEST  VIRGINIA  AGRICULTURAL  EXBSRIMBNfT  STATION 

Title :      Pasture  Fertilization  Studies. 

Leaders:  p.  W.  Schaller,  G.  G.  Fohlnan,  R..  M.  'Smith, 
Um  -  0«  Henderson,  aiid'R.  A.  Ackoman. 

Snail  Plot  Experiments*     Clipped  plots  on  the  Dekall? 
silt  loan  at  Morgantowri  which  have  received  no_  treatment 
since  1932  still  show  the  effect  of  line  and  fertilizer  and 
annual  changes  are  very  snail*     In  March  1941  sone  of  those 
plots  were  given  additional  applications  of  lino  and  ferti- 
lizer.   Despite  subnormal  rainfall  from  February  to  May* 
inclusive,  annual  yields  were  sod© what  higher  and  the  .per- 
centage of  white  clover  increased  from  2  to  3%  in  June- to 
15  to  25/o  by  Septenbor.     On 'this  sane  area,  24  .plots"  which 
had  previously  been  in  a  nitrogen  study  were  differentially 
treated  with  line,  fertilizer,  and  seed.     Sone  of  the  plots 
were  also  disked.     The  vegetation  which  was  present  showed 
a  narked  response  to  the  fertilizer  treatment  but  there 
was  little  evidence  that  the  seed  mixture  used  had  any  in- 
fluence on  the  stand.     The  low  spring  rainfall  and  the 
vigorous  competition  afforded  by  the  high  percentage  of 
Danthonia  and  weeds  did  not  give  the  grass  and  legume  seed- 
lings a  chance  to  become  established. 

The  plots  at  Spencer  on  the  Mbnongahola  silt  loan, 
which  wore  refertilized  in  the  fall  of  1939,  cane  back 
very  vigorously  during  May  and  June  of  this  year.  Wild 
white  clover  cane  in  abundantly  and  Kentucky  bluegrass 
also  appeared  to  be  increasing.     However,  after  the  middle 
of  July,  when  common  lespodeza  and  broonsedge  began  to  nake 
their  growth,  the  wild  white  clover  and  Kentucky  bluegrass 
began  to  disappear.    When  botanical  estimates  were  made  in 
'Septenbor  there  was  found  to  be  from  1  to  5%  Kentucky  blue- 
grass  and  1  to  2%  wild  white  clover*     On  the  other  hand, 
there  was  10  to  20%  common  lespodeza  and  50  to  60%  broons- 
edge.    From  the  data  Dn  this  area  over  a  7-year,  "period,  it 
is  evident 'that  even  with  lining  and  fertilization  Kentucky 
bluegrass  and  wild  white  clover  have  not'  been  able  to  nake 
any  pe'rnanent  increase  a  gainst  the  competition  of  common 
lespedeza  and  broonsedge  which  flourish  in  the.  hot  months 
of  July  and  August. 

The  pl  ots  on  the  Upshur  clay  loan  at  Spencer  which  wore 
also  refertilized  in  the  fall  of  1939  show  sone  increase 
in  yield  but  very  little  i nprovenent  in  the  typo  of  species 
present.     In  the  seven  years  that  this  oxperirient  has  been 
carried  on,  Kentucky  bluegrass  has  only  increased  fron  1  to 
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8%  as  a  result  of  line  and  fertilizer.   "  Although,  white  clover 
has  fluctuated  from  year  to  year,  it  is  "back  to  about  2%k  It 
is  believed  that  such  an  area,  which  is  so  lor;  in,  productivity 
and  has  such  a  snail  percentage  of  desirable  species  to  bo- 
gin  with,  requires  n-sre  than  surface  applications  of  line  and 
fertilizer  to  economically  establish  the  pasture. , 

In  the  fall  of  1940  three  areas  were  treated  to  de- 
termine the  rote  and  frequency  of  fertilizer  application. Due 
to  severe  dry  weather  .the  plots  at.Lewisburg  on  limestone 
soil  gave  very  little  increase  in  yields*  during  1941.  The 
yields  wore  1,553  pounds  per  acre  for  all  treated  plots  as 
compared  to  1,347  pounds  per  aero  for  the  check  plots.  The 
white  clover  has  almost  entirely  disappeared  from  all  of  the 
plots.     On  the  Monongahela  silt  loam  at  Hilton,  where  rain- 
fall was  not  deficient,  the  increase  in  yiolds  was  high  and 
white  clover  came  in  abundantly.     The  check  plots  gave  an 
average  yield  of  1,128  pounds  per  acre.     The  plots  which  re- 
ceived lime  and  superphosphate  gavo  yields  of  1,594,  2,102, 
2,506,  and  2,758  pounds  per  acre  for  the  200,  400,  800,  and 
1,200  pound  applications,  respectively.     The  plots  which  re- 
ceived lime  and  100  pounds  of  superphosphate  in  1939  and  1940 
gavo  a  yield  of  1,638  pounds  per  aero.     Line  and  superphos- 
phate when  used  alono  gavo  increases,  the  yiolds  being  1,437 
and  1,562  pounds,  respectively.     Thero  was  a  small  response 
from  potash.     The  percentage  of  white  clover  was  increased 
from  a- trace  on* the  check,  plots  to  8,  24,  32,  and  30^  on 
the  plots  which  received  Line  and  .200,  400,  800,  and  1,200 
pounds  of  superphosphate,  respectively.     The  plots  on  a 
slightly  calcareous  shale  at  Warderisville  have  as  yet  shown 
no  consistent  increase  in  yields..  There  has  been  a  small 
increase  in  white  clover  on  a  few  plots. 

Grazing  E xpe r inent .     The  grazing  experiment  with  Ayr- 
shire heifers  on  MonongaEela  silt  loan  soil  at  TJardensville 
continued  to  show  large  increases  in  carrying  capacity  of 
the  fertilized  plots  in  1941.     The-  check  plots  produced  63 
pasture  days  per  aero  as  compared  to  116,  117,  and  129  on  the 
P-2L,  F-K-2L,  and  I\T-?-K-2L  plots,  respectively.-  The  percent- 
age increase  in  total  digestible  nutrients  from  the  line  and 
fertilizer  treatments  was  49,  58,  and  -62%  9.  respectively,  for 
the  P-2L,  P-K-2L,  and  N-P-K-2L  plots. 

The  correlation  of  yields  of  total  o.irrestible  nutri- 
ents  as  measured  by  the  three  clipping  methods  and  by  graz- 
ing was?  quite  favorable  this  year.     The  yiolds  of  total  di- 
gestible nutrients  from  thePf ertilized  plots,  when  based  on 
100  for  the  grazing  nethod,  wore  84,8-6, and  73,  respectively, for 
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the  peraanent  plots,  .rolocatod  plots,  and  the  diff ererico 
nethod  plots.     On  tho  chock  plots  these  values  were  136,  . 
138,  and  102  for  the  throe  treatments. 

This  experiment  i s  •  to  bo  discontinued  since  the 
lease  on  the  land  has  expired.     It  vd.ll  be  written  up'  for 
publication  in  the  nea  r  future. 

Title:      Pasture  Managenont  Studios. 

Leaders:  F.  W.  Schaller,  0.  G.  Pohlmcm,  R.  H.  Smith,  H.  0. 
«■"-    Henderson,  and  R..A.  Ackoman. 

'The  Kentucky  bluegrass -white  clover  height  of  cutting 
experiment  at  iior  gantown  continues  to  show  a  high  response 
-from  both  superphosphate  and  muriate  of  potash.  Regardless 
of  strain  of  white  clover  or  fertilizer  troatmcnt,  the  plots 
cut  twice  a  year  gave  higher  yields  than*  those  given  fre- 
quent clippings.     There  was  no  significant  effect  on  yield 
between- the' different  . strains  of  white  clover.' 

Despite  ref ertilizati  m  of  these  plots  in  tho  fall 
of  1939,  and  favorable  rainfall  in  both  1940  and  1941,  the 
white  clover  began  to  go  out  in  1940  and  by  the  end  of 
1941  had  almost  entirely  disappeared  on  all  plots. 

Title:      Supplementary  Pastures  for  A /est  .Virginia  Livestock. 

Leaders:  F.  W,  Schaller,  G.  G.  Pohlnan,  R.  M.  Smith,  H.  0. 
Henderson,  and  R.  A.  Ackoman. 

No  reports    Experiment  conploted  and  will  bo  written 
up  for  publication. 

Title:    .  The  Effect  of  Contour  Pasture  Furrows  on  the  Con- 
-  sorvation  of  Soil  and  rTator. 

Leaders:  F,  W*  Schaller,  G.  G.  Pohlnan,  R.  1.1.  Smith,  H.  0. 
Henderson,  and  R.  A.  Ackerr.ian. 

Studies  were  made  of  vegetative  pattern  on  a  num- 
ber of  old  furrows..    These  showed  generally  a  groaterionsity 
of  vegetation  in  the  bottom  of  -the  furrow  than  at  any  other 
place.     The  density  was  lowest  on  the  bom,  th^"^  being  no 

clover  and  often  c  msiderable  Canada  bluegrass,  indicating 
drier  conditions  than  elsewhere  in  the  pasture.  '-  The  re-  - 
suits  have  boon  written  up  for  publication  in  VI  of  the 
Proceedings  of  the  Soil  Science  Society  of  America.' 
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